TRANSACTIONS 


American Soctety for Steel Treating 


APRIL, 1926 No. 4 


object of the Society shall be to promote the arts and sciences connected with either 
the manufacture or treatment of metals, or both.—Constitution A. S. S. T., Art. II. 


HARTFORD AND THE SPRING SECTIONAL MEETING 


HE City of Hartford is located on the west shore of the Con- 

necticut River at the head of navigation. It lies near the 
heart of New England between New York on the south and Boston 
on the north, 112 miles either way, and is directly connected with 
the anthracite coal regions on the west. Its area is about 17 square 
miles and its population is approximately 138,000. 

This city has always been of considerable commercial im 
portance and has vast industrial interests. Its manufacturing in- 
terests are varied and heavy. Ideally situated for an industrial 
city, its advantageous location has been largely instrumental in 
making it one of the leading American manufacturing centers in 
the metal working lines. Here may be seen the largest drop forging 
plant in America, if not in the world; one of the largest manufac- 
turers of firearms, machine guns, tools and machinery ; and various 
large plants manufacturing machine tools, chucks, steam boilers, 
eyclometers, steam turbines, ete. Hartford leads the world in the 
manufacture of typewriters, and several of the large typewriter 
companies have their headquarters here. A trip to these 
companies and various others are features of the program of the 
sectional meeting. Here the electro-plating industries had their 
inception and grew from small beginnings. 

Electric power is cheaper in Hartford than in any other city 
inthe Union. This and freedom from labor troubles have been in 


strumental in making the city a great productive one. This is not 
strange when we bear in mind that the ancestry of the skilled and 
conscientious workmen of today were among the finest represen- 
tatives of Anglo-Saxon peoples anywhere to be found. 

The New York, New Haven and Hartford Railroad System 
has also been contributory to the growth of the city. It enters 
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the city from seven directions, making Hartford a crea; j, land 
railroad center. This, and its splendid water transportat 
ities, make Hartford the very hub of the wholesale trad 
distributing point for the Connecticut valley. 

Hartford might be called the home of insurance ¢ 
In fact ‘‘Hartford’’ and ‘‘insurance’’ have become synonymous 
This enterprise had its inception in the city’s early maritime days 
when marine insurance was placed on West India cargoes In 
deed, all of Hartford’s enterprises began in a small way and o 


to large proportions. Do you wonder that the ‘‘wooden nutmeo” 
has come to be a ‘‘symbol of the land of steady habits’’ and my 


good sense ? 

Hartford is one of the richest cities in the United States. abou: 
$1200 per capita. Perhaps you will agree that this is further , 
dence of the thrift, skill and conscientiousness of its people. 

Hartford was the birthplace of democracy in America. | 
might be of interest to know that in 1639 the constitution for th 
colony was framed at Hartford, the first written in America, and 
that it was later used as a model when the constitution of the natio 
was drawn. The government of the city is of the two-chambered 
type with a mayor at the head who holds office for two years. 

Many individuals who have contributed much to the hap 
ness, comfort and wealth of the world lived here, notably Noa! 
Webster, Harriet Beecher Stowe, Samuel L. Clemens, who were 
distinguished writers; Dudley Buck and H. C. Work, two of Amer 
ica’s great composers; and it is the birth-place of one of the world’s 
greatest bankers, the late J. Pierpont Morgan. 

Some of the finest traditions in polities and religion, as well as 
mechanical excellence, have been preserved for us by the state ol 
Connecticut. It has always led in metal work of excellent craits- 
manship. 

The Western Reserve, especially the city of Cleveland whic 
itself is a great manufacturing city and one of diversified interests, 
has benefited much by the culture of Connecticut for it received 
its trend of thinking from the pioneers who went there and who 
by their mechanical ability, good taste, perseverance and othe! 
splendid qualities, indelibly left much of their culture, skill an‘ 
integrity. | 

It is in this interesting city that the Spring Sectional Meetin 


of the American Society for Steel Treating is to be held for whit! 
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nplete arrangements have been made by the energetic committee- 
yen, members of the Hartford Chapter. 
[he national officers and directors of the society will meet on 


Wednesday, May 19, for the transaction of important business of 
the society. On Thursday and Friday, May 20 and 21, six tech- 
nical papers have been scheduled for presentation and numerous 
‘nteresting plant trips have been arranged for. 
The program of events for this two-day session follows: 
PROGRAM FOR SPRING SECTIONAL MEETING, HOTEL BOND, 
HARTFORD, CONNECTICUT—MAY 20-21, 1926 


WEDNESDAY, MAY 19 
A. M.—Meeting of Board of Directors. 


00 P. M.—Early Bird’s Dinner and Registration—Hotel Bond. 


THURSDAY, MAY 20 


3all Room, Hotel Bond 
30-9:30 A. M.—Registration. 


Morning Technical Session 
F. P. Gilligan, Chairman. 
Reerystallization Temperatures of Cold-Rolled Electrolyti 
Iron and Open-Hearth Steel Strip—John R. 
Jr., Bureau of Standards, Washington, D. C. 
:30 A. M.—Factors Affecting the Machinability of Alloy Steels— 
J. S. Vanick, International Nickel Company. 


0:30 A. M. 


Freeman 


Afternoon Session 

. M.—Plant Inspection at the plants of: 
Billings and Spencer Company 
Colts Armory 
Hartford Rubber Works 
Pratt and Whitney Company 
Royal Typewriter Company 
Underwood Typewriter Company 
Union Drawn Steel Company 


Evening Session 
Banquet, Ball Room, Hotel Bond. 


FRIDAY, MAY 21 
Ball Room, Hotel Bond. 


Morning Technical Session 
A. H. d’Arecambal, Chairman. 

. M.—Necessary Precautions in The Manufacture of Alloy 
Steels—Marcus A. Grossmann—United Alloy Steel Com- 
pany, Canton, Ohio. 

M.—-Forging by the Upset Process—J. C. Kielman, New De- 
parture Manufacturing Company, Bristol, Connecticut. 
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Afternoon Session 
M.—Plant Inspection at the plants of: 
New Departure Manufacturing Company, Brist 
Evening Technical Session 
S. P. Rockwell, Chairman. 

- 8:00 P. M.—The Role of Stainless Iron and Steel in Industry 
L. Mochel, Westinghouse Electric and Manui 
Company, Philadelphia. 

Heat Treatment of Die Blocks—Alfred J. Port 
Heppenstall Forge Company, Bridgeport, Com 
International Silver Co., Meriden, Conn. 


SATURDAY, MAY 22 


9:00-11:00 A. M.—Special Plant Inspection Trips as Requested by 


Hote, RESERVATIONS 


The Hotel Bond will be the official headquarters for th 
Spring Sectional Meeting of the society to be held in Hartford 
All technical sessions will be held at the Bond. Members an 
guests are requested to make their reservations directly with th 


hotel management, stating the price and the type of accommoda 
tion desired and requesting an acknowledgment of the reservation 
Rates for several of the hotels in Hartford follow: 


HoTEL BonpD 
1 person, with bath 
1 person, with shower 
(Limited number of rooms) 
2 persons, with bath 


Hore, BoNp ANNEX 


person, with bath 
person, without bath 
persons, with bath 
persons, without bath 


HEUBLEIN HOTEL 


person, with bath 
person, without bath 
persons, with bath 
persons, without bath 


THE GARDE HOTEL 
1 person, with bath 
1 person, without bath 
2 persons, with bath 
2 persons, without bath.... 
Cots, extra in room 


HIGHLAND CourRT HOTEL 


| person, with bath and breakfast .......-.-.- ee eee e eee eee PO 
(This is the only rate quoted by the above hotel.) 
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RELATIONSHIP OF METALLURGY TO THE 
DEVELOPMENT OF AIRCRAFT 


By J. B. JOHNSON 
Abstract 


This article describes the development of the metal 

ructure of the airplane in this country and the various 

types made and used on the Continent, especially an 
Germany and France, during the World War. 

It further sets forth the wide variation in the physt- 
al properties and chemical analyses of the materials 
sed and points out that an actual saving of weight has 
heen accomplished by the wmtroduction of the metal 
fuselage. Metals having low specific gravity will be 
largely used wn the future development of aircraft and 
vill contribute much to its commercial value. 


F | ‘IIE airplane is a machine designed to work against two forGes 

the resistance of the air and the force of gravity. The 
resistance offered by the air is dependent upon the size, shape, and 
rangement of the various parts and is affected to a large extent 
by the speed of the airplane, increasing approximately as the 
square of the velocity. The force of gravity is the actual weight 
of the airplane and is influenced by every pound added to the 
nachine, and is the eontrolling factor in aircraft design. It is 
he foree in which the metallurgist is primarily interested. 

Since weight is a primary consideration, it is highly desirable 
to build the strueture out of the lightest material available which 
has the necessary strength. When the first airplane was built there 
was not much choice. A wood with a low specific gravity for the 
frame-work and a fabrie for the covering were the natural selec- 
tions, not because they were the best, but because they were the 
only combination of materials which would have done the work. 

There was practically no change in the types of material used 
in this country up to and through the period of the World War. 
An examination of the structure of the airplane which represented 


a 


ie latest development at the end of the war shows little progress 
in the development of new materials. A view of the structural 


irrangement is shown in Fig. 1. The wing structure was built up 


\ paper presented before the Philadelphia Chapter of the Society. The 


. B. Johnson, is chief of the material section of the engineering de- 


of the Air Service section of the War Department, McCook Field, 
Ohio. 
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of two spruce or fir beams which supported a latticed structure 

plywood ribs supporting the fabric covering. The body or fuse- 
laze was of truss construction, the longitudinal and compression 
mem ers being made of ash or spruce. The propeller was built of 


hard wood such as oak, mahogany, or birch. The only metal parts 


vere the stampings which transmit the loads at the panel points, 
the wheels and axle, and the wire or cable which forms the tension 
member of the trusses. 

There were a few attempts made to develop a metal structure 
n this country. None of them were successful. The most promis- 
ng. which was finished in 1918, failed because the metallurgical 
problems involved were not given proper consideration and the con- 
structor proceeded to spot weld the heat treated steel girder mem- 
bers at the points of maximum load. The Germans had been much 
nore active in the development of metal construction, probably due 
to the necessity of conserving their supplies of low specific gravity 
woods. Their designers had taken advantage of a material de- 
veloped by the brilliant metallurgical research work of Alfred Wilm. 
The problem was given to Wilm, who was superintendent of the 
metallurgical section of one of the German research laboratories, to 
ind an aluminui alloy suitable for making cartridge cases for hand 
firearms. This was in 1903. In 1909 the discovery of an alum- 
num-base alloy was announced, which was patented as a ‘‘ process 
for making aluminum alloys containing magnesium, characterized 
by the fact that the alloys, after the last heating in the course of 
manufacture, are exposed to temperatures above 788 degrees Fahr. 
ind then left for some time to automatically improve.’’ The pat- 
ent also called attention to the valuable effect of small additions of 
copper, nickel, titanium, and manganese. The alloy which was 
developed commercially as a result of this work was termed 
“duralumin.’’ It was an aluminum-base with a specific gravity of 
about 2.8 and was of approximately the following composition: 


Per cent 
Copper 2.5 4.5 
Manganese 0.1—1.0 
Magnesium 0.2-0.75 
Silicon 0.5 
Iron 0.75 


Aluminum Remainder 
The German all-metal type with which we are most familiar 
this country was the Junker, as several were brought here after 
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ir and flown by the Army Air Service and the Mail Service. 
irplane (Fig. 2) was a monoplane structure with a thick, can 
-wing. The wing surfaces and body were covered with sheet 

imin averaging 0.012 inches in thickness. The internal wing 
~+myeture is shown in Fig. 3. The longitudinal members are dur 
in tubes braced with tubes and stamped U-sections of dur 

n sheet. The fittings encircling the tubes, to which the bracing 

ted, are steel. All joints are riveted, as the welding of dur- 

min is not advisable for highly stressed structural members. 
naterial in the tubes had been heat treated to develop a tensile 

streneth of from 40,000 to 55,000 pounds per square inch. 

\ few types of machines have been built in this country of all- 
construetion. These are similar to the Junker, in that cor 
ivated sheet of a heat treated aluminum alloy is used for covering ; 

it the details of the structural members differ. The multiple-spar 
beam construction, using several tubes, has been replaced by 

standard dual spar construction. Several types of these spars are 

shown in Fig. 4. The material generally used is an aluminum alloy 

heat treated to develop a minimum tensile strength of 55,000 pounds 

per square inch. The rib construction is similar to the conventional 


vood or plywood construction. Several applications are shown in 


The Germans and French had also developed a type of construc- 
tion which combined a metal fuselage with wooden wings. The Fok 
‘er, a German pursuit airplane, used steel tubing for the fuselage 
structure. The Breguet, a French observation airplane, was a good 
example of duralumin tube construction. The former type, which is 
shown in Fig. 6, proved to be very satisfactory and it was natural 
that the designers in this country should follow European practice. 

An investigation of the material in the German machines in- 
dicated a wide variation in both physical properties and chemical 
analyses. The earbon content ranged from 0.08 to 0.35 per cent 
ind the tensile strength varied from 40,000 to 85,000 pounds per 
square inch. This may have been due to the difficulty of pro 
curing raw materials, but was probably influenced also by the 
actors of safety which were required. When this type of 
construction was introduced into this country, specifications per 
mitted the use of a 0.15-0.25 per cent carbon tubing with a tensile 
strength of 55,000 pounds per square inch minimum and a yield 
point of 36,000 pounds per square inch. The tubing furnished 
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Wing 


Internal Structure 


Fig. 4—Spar Construction, Showing Various Forms of Fabricated Steel 
nd Duralumin. Solid I-beams are Duralumin Extruded and Heat Treated. 
Box Beam is Built Up of Duralumin Sheet. Note Absence of Welding in 
Duralumin Construction. The Spar with Flange Members of Elliptical Cross- 
section is Chromium-Molybdenum Steel Tubing. 
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Fig. 5—Conventional Types of Ribs Used in Aircraft Construction 
Use Metal and Wood in Similar Designs is Noticeable. 


1. Solid Plywood—Waterproof Glue. 

2. Duralumin Sheet—Heat Treated. 
Plywood with Lightening Holes and Stiffeners. 
Plywood Truss Construction. 
Steel or Duralumin Tube Truss Construction. 
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in accordance with these specifications was what is kno 


as 
mechanical tubing and was a cold drawn product which relied 9 
a cold drawing operation for its high physical properties. }, 
perience with this tubing was not satisfactory, as it was 
that it was ununiform and that the cold drawing operation in son 
cases gave a very low modulus of elasticity and low yield poini 


I und 


\ and 
in other cases a high modulus of elasticity and high yield poin 


Welding reduced the strength to as low as 40,000 pounds 
square inch in the annealed zone at a distance of from 1/, to ! 


y 


pe 
neh 
from the weld. A fuselage structure is a combination of trusses 


signed so that the members are in compression under the conditioys 
of maximum stress. Since the ratio of length to diameter, or bette, 
length to radius of gyration, is large, the most significant physic: 
property is the modulus of elasticity in tension. This is general], 
considered to be independent of chemical analysis and _ tensil 
strength for all structural steels, but in this case the characte 
istics of the tube and not the material are important. <A cold draw: 
tube often shows a variable hardness throughout its length an 
may have a fictitious modulus which is real, however, so far as it: 
use in the structure is concerned. <A tube modulus as low as 
20,000,000 is not uncommon. 

The effect of a low modulus is shown in Fig. 7. These curves 
show the relationship between load and elongation for cold draw: 
seamless steel tubing. The yield point (load at elongation of 0.) 
per cent) and the tensile strength conform to the minimum requir 
ments of 36,000 and 55,000 pounds per square inch respectively) 
The loads which can be supported when the tubes are used for long 
columns differ, however, and depend upon the value E, modulus o! 
elasticity in tension, since the load is equal to K E. The constant kK 
depends upon the form and dimensions of the column. Mater 
in the condition of CD-2 is not satisfactory, although several tubes 
in any lot of mechanical tubing will give this type of curve. For 
use in aircraft it is very desirable to eliminate such material. This 
has been accomplished by changing the requirements and specifying 
a tube with a carbon content of from 0.20 to 0.30 per cent. This 
tubing can be annealed at a fairly high temperature, depending 
upon the number of passes and the amount of reduction on the last 
pass, and it will still meet the minimum physical requirements with 
satisfactory uniformity and have a high modulus of elasticity. 
Normalizing at 1650 degrees Fahr., which stimulates the effect of 
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‘on the metal adjacent to the weld, tends to raise the tensile 

oth as shown in Fig. 8. 
\n alloy tubing cannot always be used advantageously, as 
soonomical design would require the use of a tube with a wall thick 
wees so thin that it would erush in handling or under small locally 


40r 











{10 


Fig. 7—Cold Drawing Versus Ann 
ing Thin-walled Tubing. 


applied loads. As a matter of fact it has been found that for fuse- 

lage construction the thinnest tubing which it is practical to use is 
ubes 0.035 inches. There are some places where short struts are used 
or 5 and it is possible to use a material with a high yield point advan 
This tageously. In this ease the Euler column formula does not apply. 
ving This has led to the introduction of a chromium-molybdenum tube 
This ‘ontaining 0.15 to 0.385 per cent carbon, 0.25 to 0.35 per cent molyb 


ding ; denum, and 0.80 to 1.10 per cent chromium, with a tensile strength 
last | of 95,000 pounds per square inch and a yield point of 60,000 pounds 
with ; per square inch. This analysis has several advantages. It can be 


city. welded to a chromium-vanadium sheet and the assembly heat treated 
t of as One unit; it welds easily and without the cracking which some 
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times characterizes nickel steel and it can be drawn to laro 
eters and thinner walls than nickel or chromium-vanadj 
Welding does not reduce the tensile strength below 95.000 
per square inch. 

A comparison of the effect of 





Fig. S—Stress-strain Curves of 
Annealed Versus Normalized. 


cent nickel steel tubing and chromium-molybdenum tubing 


a higher tensile strength than the former, but the elongation as i: 
dicated by the dash line is about the same for either analysis. 1! 


same carbon content is shown in Fig. 9. The latter generally gives 


three curves at the bottom were made from average results 0 
tained from tubing heated in a hearth furnace and quenched in | 
The curves at the top represent a comparison of 3.5 per cent nickel 
steel heated in a hearth furnace and by the electrical resistance 
method. In the latter method the tube is heated by electrical cu'- 
rent, and the normal resistivity of the metal changes the electrical 
energy into heat energy. The quenching temperature is automat 
ally determined by the recalescence point, as there is a recrystall! 
tion from alpha, body-centered, to gamma, face-centered, with 
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resultant expansion of the tube which actuates the mechanism for 
releasing the tube. The better results are probably due to the fact 
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1 ‘hat the tube wall is heated from the inside and therefore the 
temperature gradient is a maximum at the inside, which is a favor- 
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Fig. 9—Comparison of the Effect of Temper 
ing Temperature on 3.5 Per Cent Nickel Steel 
and Chromium-Molybdenum Tubing of the Same 
Carbon Content. Curve A Medium Carbon 
\ Chromium-Molybdenum, Furnace Heat Treated 
=e Curve B—Medium Carbon 3% Per Cent Nickel 
as ll Steel, Furnace Heat Treated. Curve (¢ Mediur 
Carbon 3% Per Cent Nickel Steel, Electricall 
S T} Heat Treated. 
lts ol able condition in quenching hollow parts. The quenching is also 
1 in very rapid and occurs at the critical temperature, which prevents 
t nick any grain growth. 
sistanct The drawing operation, especially at the higher temperatures, 
val cu is done preferably by some other method. It is difficult to observe 
ectric the exaet temperature with electric resistance heating. The length 
omatic { the tube also influences the results. For drawing temperatures 
stall d ! 


in the neighborhood of 600 to 700 degrees Fahr., the curve is fairly 
lat; that is, small deviations from the correct temperature do not 
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influence the results and electric heating is very satisfactor 
majority of axles used in airplanes are quenched and drawn 
method to a minimum tensile strength of 200,000 pounds pe: 
inch. For an axle 114 inch outside diameter x .065 inches. draw, 
at 750 degrees Fahr., the tensile strength was 205,000 pow 
square inch, the yield point 179,200 pounds per square inch, and 
the elongation 9 per cent in 2 inches. 

The introduction of the metal fuselage has resulted in an actya| 


saving of weight of over 25 per cent. A welded steel fuselage is 


] 
118 


easier to repair than a wooden fuselage and in case of an aceiden 
a steel fuselage is safer, since it does not collapse as easily and the 


steel members simply bend and twist and do not break into severa 
pieces and splinter, the type of failure which is characteristic 
wood. 

Metal cellule construction does not show this saving in weiel) 
One wing eellule designed with conventional type of ribs and wit! 
extruded wing spars of ‘‘I’’ section weighed 3.6 per cent more than 
an equivalent wooden structure, although both were fabric-covered. 
The metal cellule, however, will withstand a higher factor of safety 
and if advantage is taken of refinement in design a metal cellul 
ean be produced which weighs less than the wooden constructio: 
Progress in this line is slow on account of the greater expense 
attached to metal construction unless parts are produced in qua 
tity. 

The sheet metal fittings which are used at the panel points 
of the truss and to which the tension and compression members 
are fastened are very important parts. The material for thes 
parts has always been rather difficult to procure. The properties 
are rather special and are not present in the ordinary commercia 
strip. The strip must have a tensile strength of not less tha 
55,000 pounds per square inch, and an elongation of 20 per cel 
in 2 inches both parallel and perpendicular to the direction of fin 
rolling. The mill metallurgist has solved this problem by makin: 
a steel conforming to the S. A. E. 1025 analysis and by proper!) 
balancing the amount of reduction and the length and temperatu 
of anneal. 

Material for fittings must be capable of severe bending oper 


ations without the formation of incipient cracks. Alloy steé 


17 


sheet will not always successfully meet this test. Indepencent 1! 





vestigations by the Naval Aircraft Factory and McCook Field le 
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.) the adoption of a chromium-vanadium steel. The 3.5 per cent 
nickel and the 3.5 per cent nickel—0.90 per cent chromium did 
withstand 180 degrees bending over a diameter equal to the 
thickness Of the sheet. Heat treatment at the mill is also im 
as a hot-rolled sheet will generally crack in the bend 
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x pense 


Photomicrograph of Hot-rolled Chromium-Vanadium Sheet Steel. Fig. 10b 
graph of Hot-rolled Chromium-Vanadium Sheet Steel H« 


it Treated by Heating to 
Degrees Fahr. and Air-cooled 


test; therefore, the specifications require a final anneal. One 
s standard procedure is to heat above the critical temperature to 
51650 degrees Fahr. cool to 1325 degrees Fahr., hold for one hour, 
in ;and cool in air. The effect of annealing on the microstructure 
making fis shown in Fig. 10. 


yrope;r!\ 


When we think of heat treatment we generally have in mind 
the treatment of the ferrous metals, especially steel. It is a well 
known fact, however, that several of the nonferrous alloys will 
also respond to heating and cooling, this response being accom- 
panied by a change in physical properties and microstructure. 
The most important series of alloys to the aeronautical engineer 
are the alloys of aluminum containing not less than 80 per cent 
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aluminum and generally at least 90 per cent. The 
alloying elements are copper, magnesium, nickel, manga) 
silicon. The solubility of these elements in the aluminu: 
determines the response to heat treatment. The effect o! 
and cooling an aluminum alloy is shown in Fig. 11. 
The data for these curves were taken from results 


Healed 25 hours, all Cooled. 
Reheated 16 hours artter co. 
from 925°F Arr Cooled 

No treatment ~ as cast 


bo Stress 
te 
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mane [e/?. 


U/%, 
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Quenching Temperature>Degrees Fahr 


| 
| 
| 


Fig. 11—Curves Showing the Physical Properties of 
Aiuminum Alloys. 


on a high copper-aluminum alloy manufactured in the form 
green sand castings, but the form of the curve is typical of 
aluminum alloys which respond to heat treatment. The s 
line shows the effect of the initial heating. There is practicall) 
no effect on the strength or hardness until the temperature 
ceeds 450 degrees Fahr. A softening then takes place which reaclies 
a maximum in the neighborhood of 700 degrees Fahr. This rang 
temperatures between 600 and 750 degrees Fahr., is an annea 
range. Above 750 degrees Fahr., hardening takes place which reaches 


a IR A BINS BOE 


a maximum at about 925 to 975 degrees Fahr. The eutectic tempe! 
ature for alloys containing copper is about 1015 degrees Falr., a 
from 4 to 5 per cent of copper goes into solid solution at this 
temperature. If the alloy is of higher copper content or ther 
are segregated areas of higher copper content, some melting 
this eutectic will take place just above the eutectic temperatur 


Subsequent cooling shows a marked loss in tensile strength, 
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‘he diminution in hardness is slight. Therefore, the ‘‘burning”’ 
of aluminum alloys cannot always be detected by Brinell hard- 
ness. Surface oxidation and pitting are very often noticeable. 

it has been shown that a simple heating and cooling cause a 
jsange in the physical properties of aluminum alloys. An alum- 
‘num alloy is hardened by heating to a high temperature and 
cooling. The heating and cooling of steel produce a similar ef- 
fect: but reheating of steel causes a softening, whereas reheating 
an aluminum alloy causes an increase in tensile strength and 
hardness. 

The dash line in Fig. 11 shows the effect of reheating speci 
mens which had already been partially hardened by heating to 
y25 degrees Fahr. and cooling in air. Reheating temperatures of 300 
and 400 degrees Fahr. cause an increase in hardness. As the 
temperature is increased the curve drops off rapidly and finally co- 
incides with the curve for the initial heating. 

The reheating is generally termed ‘‘aging’’ because it is a 
phenomenon closely associated with time as well as temperature. 
Aluminum alloys which have been heated to the hardening temper 
atures (800 to 975 degrees Fahr.) will continue to harden or age 
with time. This aging is accelerated by elevated temperatures, and 
the ultimate hardness is greater than if aged at normal atmos- 
pheric temperature. 

The best results in the heat treatment of any specific alloy are 
gained by modifying the procedure to take care of the differences 
in chemical composition. The high copper alloys (8 to 10 per cent) 
reach a state of maximum hardness in a shorter period of time 
than the low copper alloys. There is practically no increase for 
the former after 20 hours, while the latter will show an increase up 
to 100 hours, although at least 50 per cent of the increase occurs 
in the first 20 hours heating. Elongation is largely affected by 
structure. The high copper alloys have a continuous network of 
CuAl, eutectic which is brittle, and this network is only partially 
affected by soaking at high temperatures; therefore, the elongation 
of the high copper alloys remains practically constant at from 0.5 
to <.0 per cent. The low copper alloys, however, do not have a con- 
tinuous network and it is more easily broken up and therefore does 
not act as a rigid structure but is dispersed through the more ductile 
matrix; therefore, the elongation of these alloys increases consider- 
ably with the period of soaking. Twenty hours cause an increase 
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of approximately 150 per cent and 100 hours an increas 
per cent of the original elongation, which is generally ab 
2 to 3 per cent for sand castings. 
soaking than east alloys. 
The quenching medium also has an effect on the ultimate ha 
The alloys are generally harder after a quench in ojl 
water, either hot or cold, than in air, although this is influenced ; 
some extent by the thickness of the piece. 


Wrought alloys require | 


ness. 


A thin piece naturally 
cools more rapidly and air quenching may give results which ar 
the equivalent of oil or water. For sections thicker than 1), inch. 
oil or water quenching is preferable and gives greater uniformity 
Wrought material responds to heat treatment more easily tha 
‘ east material and the period of soaking may be shortened. The 
results to be obtained on aging or reheating after quenching ar 
also dependent upon temperature and period of soaking. ener 
ally, the higher the temperature, the shorter the time, a period of 
2 to 4 hours at 400 degrees Fahr. being equivalent to 8 to 16 hours 
at 300 degrees Fahr. 

The changes which take place in the microstructure are illu 
strated in Fig. 12. The structure (a) is typical of the aluminun 
alloy containing 4 per cent copper, 2 per cent nickel, and 1.5 per 
cent magnesium in the condition as of an untreated sand casting 
The change after soaking for approximately 100 hours at 1000 «i 
grees Fahr. and quenching in boiling water is shown in (b) and 
an exaggerated case due to the high temperature and long peri 
of time. It illustrates the breaking down of the cellular structure 
and the spheroidization accompanied by solution of the copper 
aluminum and nickel-aluminum constituents. 
which go into solution are reprecipitated at atmospheric tempera 
tures, and unless the temperature is held lower than this, the pr 
cipitation continues and gives the aging effect. Raising the temper 
ature accelerates the precipitation until the annealing range | 
reached, when the particles agglomerate and thereby cause a soften 
ing effect. This phenomenon is illustrated in the micrograph (¢ 
The particles in the matrix which are visible in this photograp! 
were totally invisible until the reheating temperature was raised 
to 500 degrees Fahr. 

The value of the heat treated alloys has been thoroughly esta) 
lished. For convenience they may be divided into two classes,—the 
alloys with a low elongation and maximum hardness and thos 
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pical Photomicrograph of a Sand-cast Aluminum Ailoy Containing 4 P* 
Per Cent Nickel and 1.5 Per Cent Magnesium, Untreated. Fig. 12b 
of Sample in Fig. 12a After Heating for 100 Hours at 1000 Degrees Fahr 
hing in Boiling Water. Fig. 12 Photomicrograph Showing the Effect of Raising 
Causing the Nickel-Aluminum and Copper-Aluminum Particles to Agglomerat 
Cause a Softening Effect 
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Table I 
Principal Alloys of Aluminum Used in Aircraft Castin 


ALLOYING ELEMENTS Heat TREAYM! 

Quenching 

Temperature, 1 
Mag Man Deg. Time, Quenching 

Copper Nickel nesium ganese Silicon [ron Fahr. in Hrs. Medium 


10.0 pas 5 oa , £88 950 Boiling 


wate! 
Boiling 
wate! 
3.8 us ‘ — . Ba 950 ‘ Boiling 
water 
925 ; Boiling 
Water 


4.0 a a das ia . " 950 


WROUGHT FORMS 
950 soiling 

water 

950 oO foiling 


water 


*Present in small quantity as impurity. 

The soaking time for the wrought material depends upon the dime: 
which is tested. ,-inch sheet will attain full hardness if soaked for about 30 1 
bar must be soaked six to eight hours. The physical properties indicated 
propeller slab % inch x 12 inches wide x 10 feet long. 

L Parallel to flow lines. 
X Perpendicular to flow lines. 


with a high elongation and moderate hardness. ‘To the for 
class belong the high copper-iron and the nickel-magnesium alloys 


and to the latter class the 4 per cent copper alloy with or withow 
magnesium. The approximate chemical analyses, heat treatn 
and physical properties of these alloys are shown in Table | 

The alloys with a Brinell hardness number of 100 or more 
used where wear is an important factor, such as pistons and | 
ings. The development of heat treated pistons has resulted 
saving in weight of from 50 per cent for permanent mold to | 
per cent for sand cast pistons. The alloy containing nickel is es 
cially valuable since it retains at operating temperatures 
may reach 650 to 700 degrees Fahr.) a greater percentag: 
hardness as measured at atmospheric temperature than cloes | 
copper-iron-magnesium alloy. 

The ductile alloys are used where shock resistance, com! 
with a high tensile strength, is essential. The two curves sho 
in Fig. 13 are typical stress-strain graphs for a brittle and a duct 
alloy. The area enclosed by these curves and a line connecting | 
end of the curve with the horizontal axis is a measure of tlie enersy 
the material will absorb before breaking. This simply means 1! 
if one of the hard alloys is subject to a suddenly applied load 
shock it will break without much deformation. A duct 
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Table I—Continued 
Principal Alloys of Aluminum Used in Aircraft Castings 


PHYSICAL PROPERTIES 
Heat Treated 


Tensile Elon 
Strength, gation 
Brinell pounds in2in., Brinell, 
reent 500 kg. persq.in. percent 500 kg 
35,000 0.5 110 Pistons, bearings 
85,000 7 100 Pistons, 
heads, beat 
Housings, br 


evlinder 


28,000 


29 500 6.5 Crankecases, water jackets, 


ers, Wheel spiders 
WROUGHT FORMS 
L-60,000 16 95 {Propellers, connecting rods, 
, cellaneous forgings, and 


X¥-50,000 8 |machine products 


*Present in small quantity as impurity - 
ng time for the wrought material depends upon the dimensions of the 
ed .-inch sheet will attain full hardness if soaked for about 30 minutes; 
oaked six to eight hours The physical properties indicated are for 

%, inch x 12 inches wide x 10 feet long 


L Parallel to flow line 
X Perpendicular to flow lines 


plec 
-inch 
a rolled 





02 O25 3 
Elongation /5/jp 


ig. 13—Two Ourves Showing Typical Stress-strain Graphs for a Brittle 
Ductile Aluminum Alloy. Curve A Specimen Contained 4 Per Cent Copper, 
Per Cent Magnesium and 0.5 Per Cent Silicon, and the Balance Aluminum. 


( B Specimen Contained 8 Per Cent Copper and the Balance Aluminum. 


however, will deform by elongating or bending. The ductile alloys 
can therefore be advantageously employed for crankcase, cylinder 


bDloek. 


and miscellaneous castings used in the structure of the air- 








538 TRANSACTIONS OF THE A. 8. 8. T. 








plane. They can also be rolled, forged, and drawn wit 
siderable enhancement in physical properties. 

The future development of metals for aircraft constru 
be largely in connection with those which have the adv: 
low specific gravity. Aluminum and its alloys have about oy. 
third the weight of steel. For equal strength in tension the , 
portional limit, which is the basis of comparison, must 
. 100,000 pounds per square inch, to be comparable with aluminuy 
. alloys. It is not difficult to obtain this value with heat treated alloy 
steels and cold drawn wire. For equivalent ability to resist bending 
loads, however, the increased volume of the aluminum alloys fo 
equal weight offsets the advantage of increased tensile properties 




















CXCPA 


the steel, and unless the parts are large enough so that when made 
| of steel they will have sufficient bulk so that they have inherey 
. stiffness, the light alloys are superior. 


The magnesium alloys represent the latest development in th 
field of low specific gravity metals. These alloys are coming int 
more extended use in the form of castings for cover plates, camer 
mounts, supercharger casings, and experimentally for crankcases 


and other engine parts. The cast alloy has a strength and ductilit It, 0 
equivalent to the cast aluminum alloys, namely, 22,000 pounds pe sire 
square inch and 3 to 5 per cent elongation. The weight is tw ms 
thirds that of aluminum. The stability or resistance to corrosi the 


of this metal demands careful attention, but the perfection of ne\ 
alloys and methods of protection have reduced to a large extent 
the seriousness of this factor. 


























WHAT HAPPENS WHEN METAL FAILS 
BY “FATIGUE’’? 


By H. F. Moore 


Abstract 


This paper presents a picture of what happens when 
netal fails by fatigue under repeated stress. It is the 
nicture which the author sees, and he has attempted to 
present it in everyday terms, rather than to develop a 
formal theory. 

He pictures two actions going on in a metal under 
repeated stress: one a strengthening action and the other 
a destructive action. If the destructive action overbal- 
ances the strengthening action the metal will fail. 


N this paper it is not intended to outline a formal theory of the 
| failure of metals by fatigue, but, rather, to present a rather 
speculative picture,—perhaps cartoon would be a better term,— 
which will illustrate by the use of homely terms and analogies 
with every day happenings the general nature, as the writer sees 
it, of the action which goes on in a piece of metal under repeated 
stress. Such a picture must, necessarily, be crude and inaccurate 
in some details, but it is believed that such a picture may aid in 
the understanding of the phenomena of fatigue of metals under 
repeated stress. 

To the question, ‘‘ What holds the particles of solids together ?”’ 
the physicist has as yet given no very clear answer. Some physic- 
ists picture a balance between attractive and repelling forces which 
keeps the atoms arranged in a certain definite pattern, but for the 
present we will have to be satisfied with the general statement that 
there exists in solids a properly called ‘‘cohesion’’ by virtue of 
which the particles of a solid tend to stick together and resist 
being forced apart. 

In the development of formulas for figuring the strength of 
beams, shafts, and bolts,—a development which occurred before 
the introduction of the metallurgical microscope,—it became cus- 
tomary to assume that this cohesive force was regularly distributed 


\ paper presented before the Cleveland Convention of the Society, 
September, 1925. The author, H. F. Moore, is in charge of the Investi 
of Fatigue of Metals, University of Illinois, Urbana, Ill. 
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over the cross-section of a beam, a shaft, or a bolt, and tha; 


) 


reasoning about the behavior of material when loaded it was al}oy 


able to assume the same properties for any portion considered. », 
matter how minute. It was further assumed that the 

was equally ‘‘stretchable’’ or ‘‘compressible’’ in all direct), 
that up to a certain limit (the elastic limit) after the rele; 
load, the beam, or shaft, or bolt completely recovered 


_ Fig. 1—Photomicrograph of Structural Steel Show 
ing Lack of Homogeneity and Lack of Uniformity of 
Orientation of Different Crystalline Grains. 


it had before being loaded. It was still further assumed 
within a limit of loading approximately equal to the elastic limi 
the deformation of ‘‘strain’’ of the body was proportional to t 
load applied (Hooke’s Law). 

Even before the days of the metallurgical microscope 
seen that some materials (e. g., wood) were not homogeneous ani! 
isotropic (equally stretchable or compressible in all direction: 
as was demanded by the assumptions underlying the formulas fo! 
strength, and modifications of the formulas used were made for 
such materials. When the metallurgical microscope came int 
general use it at once became evident that metals, which ! 
been considered to be homogeneous to a high degree, were nol 
homogeneous, but rather were made up of an aggregation of irre¢ 
ular crystalline grains,—some weak, some strong, some s0 p! 
as to offer strong resistance to internal forees in one dir 





it was 
us and 
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and little resistance to internal forces in another direction. A 
slance at the micrograph of any metal (e. g., Fig. 1, a photo- 
micrograph of structural steel) shows clearly this lack of homo- 
veniety, and the lack of uniformity of orientation of different 
ervstalline grains. The first thought of an engineer on seeing 
through a microscope the crystalline structure of a metal is likely 


Fig. 2A—Photomicrograph of Ingot Iron Showing the Irregular-Shaped Crystal K. Fig. 
'B—Photomicrograph of the same Specimen Shown in Fig. 2A after a Force hag been Ap- 
plied which has exceeded the Elastic Limit of the Metal. Direction of Pull is Shown by the 


Arrows, 

to be that the foundations of the whole theory of elasticity as 
applied to actual metals are washed away, and that he may as 
well throw overboard all his formulas for shafts, beams, columns, 
and tie rods. As a matter of fact the case is not nearly so serious 
as that, but the fact remains that the theory of elasticity can no 
longer be regarded as furnishing a complete basis for figuring the 
strength of structural and machine parts. This will be discussed 
briefly later. 

Now when a large force is applied to a piece of metal some 
of the crystalline grains are not able to resist their share of the 
foree and they seem to split up into thin plates or lamine, like 
a pack of eards shoved sidewise. This is illustrated in the irregular- 
shaped erystal K in Fig. 2. In Fig. 2a the metal has not been 
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subjected to force, and crystalline grain K has not split 


Y lnt 
lamine. Fig. 2b shows the appearance of the metal after fo, 
has been applied well beyond the elastic limit of the metal (Arm 
iron) and K has been split into lamin as shown by the {ine liye 


crossing it. These fine lines which seem to mark the edges of 
lamine are called ‘‘slip lines.’’ It should be noted that the li 
lines are not, in general, parallel to the direction of stress. hp; 
direction is determined largely by the direction of planes of weak. 
ness in the crystalline grains affected. It should be further note 
in connection with Fig. 2 that probably slip occurred in othe; 
crystalline grains than those showing slip lines in the figyr 
If the surface examined were taken in a different direction. doy) 
less slip in other grains would be shown, while evidence of the slip 
in grain K might not be shown for this new orientation. After 
slipping has occurred within a crystalline grain of metal th 
original properties of that grain are changed. The lamine ma 
be pictured as acting somewhat as if they were unlubricated plates 
sliding under heavy transverse pressure. Their surfaces may be 
pictured as becoming roughened, an action which may } 
considered as analagous to the ‘‘seizing’’ of an unlubricated bear. 
ing, and this roughening makes the lamine offer increased re 
sistance to further slip in the same direction especially if ther 
is allowed time for rest after slip has occurred. The crystalline 
grains become slightly serrated at the edges, as has been show 
by Rosenhain, as a pack of cards become serrated at the edges 
after slip, and possibly this serration offers increased resistance 
to the motion of a erystal with reference to other crystals. What 
ever the causes, resistance to further slip in the same direction as 
the original slip is distinctly increased. 

If, however, instead of a single force there acts on the crystal 
a succession of forces, acting first one way, then the reverse way, 
then the serrated edges of the erystals and the roughened surfaces 
of the lamine may be pictured as acting as minute files, eacl 
‘‘file’’ tearing loose projecting particles on adjacent crystals and 
lamine, and occasionally losing some of its own ‘‘teeth’’ in the 
process. The result of this filing action is that minute cavities 
(eracks) start and spread. 

The net result of slip in a metal may then be pictured as the 
balance between two actions, one beneficial, and one destructive, 
one an increase in resistance to further slip, that is, a gain IM 
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¢renoth: and the other a gradual ‘‘filing’’ action tending to 


start and spread minute cracks in the metal. If the internal 


foree in the metal (stress) is low, a slipping within a few ‘‘un 
fortunate’’ erystalline grains occurs, but the increased resistance 
+ further slip in these grains throws the stress to other grains 
and a readjustment occurs without much destructive ‘‘filing’’ 
action, and as a result of the whole action the metal is stronger 
than it was at first. This is in agreement with test results in which 
after 100,000,000 eyeles of low stress had been applied to speci- 


Fig. 3 -Photomicrograph of Low Carbon Steel Showing a Crack Produced by the “Filing” 
Action of the Broken Grains. In the Picture the Right Hand Branch of the Crack points 
toward Crystalline Grains Showing Slip Lines. 


mens of mild steel the strength to resist reversed stress was found 


to be distinetly greater than was the strength of unstressed mild 
steel. 


If the repeated stress is very high the slipping action affects 
many more cystalline grains, and instead of dying out after a few 
thousand eyecles of stress the destructive ‘‘filing’’ action keeps 
up until there is formed a crack visible under the microscope, or 
sometimes visible to the unaided eye. Fig. 3 shows such a crack, 


‘Bulletin 142, Experiment Station, University of Illinois, p. 27. 
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and in this photomicrograph the right hand branch of t] 
‘‘points’’ towards crystalline grains showing slip lines, wh 
in this case to be forerunners of the crack itself. In ste. 
are two kinds of grains, one stronger than the other, and 


LACK 
i] SPA) 
there 


Crac} 


in a weak grain may be stopped by a strong grain, especially ; » VAM 
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Fig. 4—Photograph Showing a Typical Fatigue Failure of a Bolt which | 
Repeated Stress. The Surfaces P. B. V. and N. A. M. show where the Fatigue C: 
Spread. These Areas are Worn Smooth by the Rubbing of the Parts. The | 
Portion Shows where the Cross-Section Finally Failed Statically. 


fine-grained steel. Usually, however, when a crack becomes Vis 
ible to the unaided eye, fatigue failure is not far off, although the 


writer has observed cases in which a erack could be detected when 
only half the ‘‘life’’ of the test specimen had been passed. ‘ii 


spread of a crack diminishes the amount of sound metal left (0 


carry the load, and finally the net cross-section is so reduced thal 
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static failure occurs. The failure is so confined to the plane of 
‘he crack that the elongation developed is usually negligible. 

Hie. 4 shows a typical fatigue failure, the cross-section of a 
nolt which failed under repeated stress. The surfaces PBV and 
y4M show where the fatigue crack gradually spread. These sur- 
faces are worn smooth by the rubbing of parts. The light col- 
red portion of the cross-section shows where the final static fail- 
re oceurred. This part is not subjected to repeated rubbing, 
‘; bright, and to the eye shows a crystalline structure; just such 
a structure as may be obtained at the fractured surface of a ten- 
sion specimen with a sharp notch in it. 

For most metals tests indicate what is known as an endurance 
limita eritical stress below which the metal will withstand an 
indefinitely large number of cycles of stress without failure. At 
the endurance limit the beneficial influence of the strengthening 
action due to roughened lamin and serrated edges of crystalline 
crain just balances the injurious action due to the ‘‘filing’’ action 
| under repeated stress. 

The above erude picture of the action of metal under re- 
peated stress seems useful in explaining the observed properties 
f cold-worked metals. If steel of about 0.20 per cent carbon 
ontent is cold-worked by drawing through dies or by rolling, its 
resistance to further slip under a given load (elastic strength) 
is greatly increased, and its resistance to repeated stress is in- 
creased slightly. If the same steel is cold-worked by being pulled 
in a testing machine its elastic strength is increased, but its re- 
sistance to repeated stress is lowered. In both cases the cold working 
seems to increase the resistance to further slip under any one load, 
but the transverse compressive action of dies or rolls seems to 
pack the erystalline grains tightly together, to lessen the formation 
of minute fissures, and to prevent some of the ‘‘filing’’ action 
which accompanies even a single large slip such as was caused 
by cold working by direct tension in a testing machine. Possibly 
the polished surface produced in commercial cold drawing or 
cold rolling may also be a strengthening factor. 

For nonferrous metals it has been found that the effect of 
ld working on the elastic strength is even greater than in the 
‘ase of ferrous metals, but that the destructive effect of slip is still 
“reater, and that cold rolling or cold drawing raises the endurance 
limit of nonferrous metals little, if at all. 
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In a previous paragraph the writer has spoken of t! 
conflict between the observations of the metallographis 
fundamental assumption of homogeneity of material 
vital part of the foundation of which are built our or 
mulas for strength of materials in machine and struct 
The first impression is that our standard formulas are 
but a more careful study shows that they may be still rded 
as giving a true average picture of stress and strain in ordi 
metals if the smallest areas of metal studied comprise 

of erystalline grains. The results obtained by the f th 
ordinary formulas are ‘‘statistically’’ true, as are the results ob. 
tained by life insurance actuaries from tables of averag 

ity. For static loading this means that the ordinary formulas 
may be regarded as practically exact, and that small 
stresses may be disregarded, except for very brittle material 
repeated-stress problems the ordinary formulas are, for most 
serviceable. For studying the tendency to develop a crack at s 
places as the bottom of a screw thread, where the area consid 
may be only one crystal wide the inexactness of either the ordi 
formulas or of the more elaborate formulas of the theory 

ticity begins to show up. The ordinary formulas for beams 
shafts neglect many localized stresses and some of these ‘stresses 
may be two or three times as high as the stresses ordinarily 
puted. These stresses may become ‘‘effective’’ under repeat 
stress, by causing the start of spreading cracks. One interesting 
fact, however, is brought out by fatigue tests on pieces with sha 
notches, namely, that in all cases so far studied the careful fo 
mulas of the theory of elasticity give results on the safe side. Wi 
ean still use our ordinary formulas for beams, shafts, etc 
must remember that they neglect many cases of high loc 
stress which may cause failure under repeated load. We can ls 


the elaborate formulas of the theory of elasticity (or, what 


4 


same thing, the results of stress analysis by the use of cellul 


models and polarized light) and be reasonably sure that our res 
are on the safe side. 

In conclusion the writer wishes once again to emphasize t! 
he has not presented a formal theory nor any ‘“‘last word” 


cerning the nature of fatigue of metals, but rather a picture wile! 


he believes will be helpful in considering fatigue strengt! 





materials and machine parts,—a picture of slip within erystaiine 
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metals resulting in roughened surfaces and consequent 

| resistance to further slip, and on the other hand a pic- 

a gradual ‘‘filing’’ action under repeated stress which 

vears off projecting particles and gradually develops voids and 

lly eracks which spread until the sound metal left in a cross 
is insufficient to carry the load imposed. 


Written Discussion: sy Dr. H. W. Gillett, chief of division of metal 
oy, Bureau of Standards, Washington, D. C. 
ssor Moore’s ‘‘ speculative picture’’ is as adequate and satisfactory 
ssible to draw today. Indeed it is not likely that the picture with 
aphie detail, which may some day be possible, will be much more 
and it will surely be more difficult for the mind’s eye to take in. 
paper is a remarkable evidence of the ability of its author to ex 
essentials of the subject clearly. Many workers on fatigue could 
eighty-page article on this subject, but few would have told 
rth telling as Professor Moore has told in eight. 


as 


point might perhaps have properly been stressed a little more, 
y to this audience. That is, that the stress-raising effect of notches 
onfined solely to screw threads and poor fillets, but 


appears also 

ase of ‘‘internal notches,’’ due to inclusions. Dirty steel is inferior 

rance. Professor Moore has brought this out in other publications, 
will bear repetition. 

Written Discussion:—By R. R. Moore, MeCook Field, Dayton, Ohio. 
Professor Moore’s representation of what actually happens when metals 
after repeated application of stresses much below their ultimate strength 

iluable contribution and ean be read to advantage by every engineer. 

is surprising to find how many otherwise well-informed engineers still 

the idea that such failures are due to crystallization of the metal. 

eneral notion still persists in spite of the fact that the crystallization 
was disproved some years ago. 

e phenomenon of fatigue of metals has become exceedingly important 
the introduction of high speed machinery, automobiles, airplanes, and 
s types of vibratory apparatus. The phenomenon is of particular in 
ice to those like the writer who are engaged in the development of 

We find here many examples of fatigue failures in gears, 
propellors, bolts, fittings, wires, cables, ete. 
fatigue properties of metals have not been given the 
importance of their influence upon the serviceability of 
iral members warrant. A part rarely if ever fails in service 


ition of gradually increasing load as occurs when pulling a 


+ 


testing machine to determine its tensile strength On the con- 
fails after a number of applications of loads. Yet the designer 
omputations on the static test result. The fatigue test certainly 
s the service conditions more accurately. Furthermore, the fatigue 
into account the non-homogeneity of the metal which has but little 
the static test result. Fatigue tests on notched or grooved parts 
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give an accurate evaluation of the effect of such sudden changes 
while mathematical analysis is not only difficult but does not 
account the variation in properties of different materials. 
When a metal is tested to failure in a static testing machin 
. usually some distortion before failure, which acts as a warning. Howoys 
when a part fails by fatigue there is practically no distortion of ; 
even in the most ductile metals. This lack of warning is character 
fatigue failures and makes them more dangerous for that reason, In ea 
it is a ‘‘progressive failure’’ (perhaps not continuous) and this term 
to characterize in a rough way the action that takes place in th 
Written Disevssion:—By D. J. McAdam, Jr., Naval Engine: 
periment Station, Annapolis, Md.’ 
4 I shall not diseuss the general theory of the author. In dis issing his 
theory, however, he makes some statements about the endurance propert 
of metals, especially non-ferrous metals, that are not in accordanc ‘it 
dence obtained at the Naval Engineering Experiment Station. 
The author says on the seventh and eighth pages that the endura 













ring Fy 


limit of mild steel can be ‘‘increased slightly’’ by cold working, and th 
‘*eold rolling or cold drawing raises the endurance limit of non-fer 


metals little, if at all.’’ In making-this statement the author ignores | 
evidence presented by the writer in three recent papers published in ¢ 
TRANSACTIONS of the American Society for Steel Treating.*** In th 
papers it was shown that the endurance limits of nickel and of constanta 
(45 per cent nickel, 55 per cent copper) could be increased about 50 
eent by cold working sufficient to increase the tensile strength about 
per cent above that of fully annealed material. It was also shown that tt 
endurance limit of aluminum bronze could be increased by moderate coll 
working in proportion to the increase in tensile strength. It was also show: 
that the endurance limit of nickel could be nearly doubled by severe | 
working followed by annealing to incipient recrystallization. 

In the paper presented by the writer Monday before this annual meet 
ing it has been shown that the endurance limit of copper can be ine 
at least 50 per cent in proportion to the increase in tensile strength by 
working. It has also been shown that the endurance limit of alpha brass 
ean be increased nearly 50 per cent by cold working followed by annealing 























at a temperature high enough to relieve internal stress. In the face of t 
evidence it is surprising to read the statement of the author that the endu! 
ance limit of non-ferrous metals can be increased ‘‘little if at all,’’ by 
working. 


The author’s own published experiments show that the endurance 
of mild steel can be increased at least 50 per cent in proportion to th 





*Printed by permission of the Secretary of the Navy. 


2). J. McAdam, Jr., “Endurance Properties of Alloys of Nickel and of Copper, Part 
Transactions A. 8. S. T., Januarv, 1925. 


3p. J. McAdam, Jr., “Endurance Properties of Alloys of Nickel and of ' 
Transactions A. S. S. T., February, 1925. 






4D. J. McAdam, Jr., “Endurance Properties of Alloys of Nickel and of Co; Part 
Transactions A. 8. S. T., May, 1925. 
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tensile strength by cold working. 
‘slight.’’ 


Such an increase ought not to 


The author’s statement on the seventh page, that steel cold-worked by 
ed in a tension testing machine has its endurance limit lowered, 
is the support of detailed description of experiment. It seems possible 
t. if the rotating bend endurance limit is decreased by this method of cold 
rking, the decrease is due to internal stress. Such a decrease should not 


» ascribed to cold working unless absence of internal stress in the cold- 
rked material has been definitely determined. 

The author’s reference on page 7 to the ‘‘polished surface’’ produced 

ommercial cold drawing or cold rolling as a possible strengthening factor 
s no apparent connection with the rest of the paragraph. In determining 
endurance limits of material cold-worked by any method, machined speci- 
ns are used. So any observed difference in endurance limits cannot be 
ribed to differences in the surface of the cold-worked bar. 

wuthor on his seventh page says that ‘‘for most metals tests indi- 

at is known as an endurance limit.’’ This implies that there are 

ptions. Investigation of a great variety of wrought alloys at the Naval 

xsperiment Station, however, has not revealed any exceptions. Endurance 

ts have been found for the entire range of commercial nickel-copper, 

nper-zine, copper-tin and copper-aluminum alloys, also for the light alloys 
minum and of magnesium. 

Written Discussion:—By J. M. Lessells, Westinghouse Electric and 
Manufacturing Co., Pittsburgh, Pa. 

There is nothing much that is new in this paper but Professor Moore 
s to be congratulated on the very simple and clear picture made of fatigue 
nenomenon. 

[t is interesting to note that he has brought out the essential difference 
etween overstraining a metal as in a tensile testing machine and cold 
orking it by drawing through dies or rolls. It might be advisable to dif- 
rentiate between these operations, calling the former ‘‘overstrain’’ and 
the latter ‘‘ecold work.’’ Both increase the elastic properties of the mate- 
|, although it must be remembered that in the case of overstrain the elas- 

properties are decreased in compression if the straining force has been 
nsion and vice versa. 

‘nother point which should be mentioned is that while the available 
indicates that the resistance to repeated stress is not increased by cold 
rk or overstrain, this may only apply to complete reversal of stress. If 
elastic properties of steel be increased in tension then it is conceivable 
ie range of stress varying from zero to maximum in tension will be 
greater than if no cold work had been done. 

The writer agrees with Professor Moore that for cases of stress con- 
ration elasticity formule give results which are conservative and on the 
ide. It should be noted, however, that in fillets the radius is large in 
on with the size of crystal and the theory based on the assumption 
homogeneity can be used with sufficient accuracy. In the case of screw 
or fine scratches the non-homogeneity of crystals will play an im- 
as shown by the work of Griffiths on glass and quartz. If we 
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economical designs. 


replaced by a new one. 


have discrepancy between theory and experiment in ductile m 
must in large measure be due to the ductility possessed by the m 

The work on the endurance limits of metal for conditions of 
centration should be actively prosecuted so that this data, taken 


measurements 


and photo-elasticity go hand in hand with a fatigue test program. 


Oral Discussion 
CHAIRMAN STOUGHTON: ask a question? 
various occasions has given a figure for the endurance limit of me: 
time ago he gave us the figures for the endurance limit of wroug! 
steel metals, and last Spring I heard him give some figures for 
Would it not be well, Professor Moore, to give us the lat 
between this endurance 
for the benefit of reference in the TRANSACTIONS of this Society 
give us something on that point now, on the actual value of th 
in some of the metals? 
Pror. H. F. Moore: 
CHAIRMAN 


due to the previous history of the grains, or to the presence of per 
quantities of foreign material, and I strongly suspect that to a 
extent it might be found that the more extended and more finely 
distribution of the foreign material, the more serious the situation 
That is, that when there are finely divided slag particles in 
there are many more potential centers for trouble, and likewise that 
of the small space they occupy and the little bit of a needle point t! 
introduce they behave much like the sharp point on a comparatively 
pick, which is far more effective than a blunt point. 

PATTERSON: I would like to have 
minute external notches, such as those produced by corrosion. 
radiator of a standard make automobile where the leak allowed 
drop on the front spring. 


reasonable to 


mutually accelerate each other. 
failure or fatigue failure which starts corrosion is a question which, at 
we must place in the same category as the question of the prio! 

chicken and the egg. 
















concentration, 
Such is our procedure here where the work 


May I save that for my closure! 
STOUGHTON : 
Dr. ANCEL ST. JOHN: 


Yes, surely. 
l am glad that 
the importance of what I think 


Professor Moore has 
referred to 
that is, little microscopic cuts or changes in the surface contour of 


Professor Moore’s com: 


Soon afterward the front spring broke 
In thirty-nine days the new front spring 
was corroded and the cracks were partly corroded. 

F. Moore: Considering first the question raised by M: 
corrosion 
Whether it is corrosion which 


In any event the two bad influences work hat 
It is a well established fact that external notches in metal part 
a fertile source of fatigue failure; in three cases out of four the m 
ean cast the blame for fatigue failure on the shoulders of the machu 
or the machine constructor who has left somewhere 
should be a rounded fillet. 


a sharp notch 


ssion of the effect of cold rolling is believed to 


ers, and issued with their publication for October, 1925. He 


ther, are differences in the results of tests. 


as about 56 per cent, and in Dr. MeAdam ’s tests the reduction 


Ol¢ 
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nnection with the question of ratio of endurance limit to tensile 


as Dr. MeAdam has very aptly christened 









he ‘fendurance ratio’ 






it may be noted that for rolled ferrous metals the endurance ratio 
10 per cent to 60 per cent, averaging about 50 per cent. For 





metals the endurance ratio is lower 





and has a wider range, ranging 
s as low as 25 per cent up to values of nearly 






50 per cent. Different 





ferrous metals vary widely in this respect. 





Dr. MeAdam states that he ean see no connection between the 





reference 





of preprint) to the ‘‘ polished surface’? 





produced in commercial] cold 
and the rest of the paragraph, He states that iy 


ts of metal, cold-worked by any method, 





i determining endur 





machined specimens are used, 
iny observed difference in endurance limit 







cannot be aseribed to 





neces in the surface of the cold-worked part. In the tests referred to. 
d down part of the specimen was machined before being 


ing in a testing machine. It was not machined 





cold worked 





afterwards, though 





ends of the specimens were machined so as to 





run true in the bearings. 
in this case any surface effect which affected endurance limit 
in effect on the results of the test. 






would 





“ 





Ur. McAdam makes a reference to 





the oral discussion Which the writer 
subsequent conversation with him somewhat modified. 





The foregoing dis 





cover the point raised by 





\dam. 


In the last paragraph of Dr, McAdam’s discussion, he 
en before the American Institute 





refers to a recent 
of Mining and Metallurgica] King 





states very 





ely that in that paper he has shown that the diffe 


+ 


rences observed in 
ests of non-ferrous metals between his laboratory 






on the one hand 
laboratories at MeCook Field and the University of 





Illinois on the 







It is hoped that everyone who 
his article will read the discussions of his paper by 
\. Moore, Jasper and the author. 


+ 





Messrs. Kommers, 






The author does not at all agree with 
tement of Dr. McAdam and does not believe he has 
differences ag he Claims. The 


in 





demonstrated any 
author wishes to reiterate his opinion 
the foregoing paragraph that Dr. MeAdam’s own 
results which he has described 

iboratories. 
Dr. MeAdam 







data show the 







as ‘‘abnormal’’ when obtained in 







has raised the question of the 


fatigue strength of cold 
on-ferrous metals, and in 


his paper has shown that in certain 






eases 
j 


1 drawing seems 






to raise fatigue strength as well as static 
S at Illinois indicate 





strength. 


PP T 





only a slight improvement in fatigue strength 


the Illinois tests the reduction of area at 





id drawing, In 





one pass 






was less. 





tests reported from the Bureau of Standards* 


indicate that too 
re cold working may actually decrease the hardnese of some metals. It 


* Seem possible that some degree of ¢ 






old working less severe than that for 





hardness might give maximum 
ibject requires more study, 





increase in fatigue strength. The 
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Dr. McAdam has also raised the question whether there are 
which do not show fairly well marked endurance limits, and stat, 
tests at Annapolis do not show any such metals. The question 






of endurance limit for certain non-ferrous metals is largely a 
technique of interpretation of data. As an example the writer 
Dr. McAdam’s own data on hot-rolled monel (AA) reported 
society in the TRANSACTIONS of January, 1925. The writer wou 
. as his opinion that Dr. McAdam’s own data do not show any endu: 
for this material. Similar conclusions would be drawn by the write: 
Dr. McAdam’s own data for copper-nickel alloy, muntz metal and | 
This question raised by Dr. McAdam seems to the writer to 
question of difference of opinion between experimenters using 








different technique, rather than a question of fundamental differe: 
quality, which it seems to be at first sight. 












When it comes to assigning working stresses for non-ferrous met 
writer is quite sure that the stresses assigned as safe by Dr. McAd 
not differ greatly from those assigned by the writer. 


W 


The writer wishes to comment on the very interesting ‘‘ice pick 
brought out by Dr. St. John. This analogy seems to be a very uset 


it must be remembered that if the ice pick has too fine a point that 
break off rather than penetrate the ice, and that if the inclusion i 
very small it may not be husky enough to start damage in the m 
is, as the size of inclusion diminshes the ‘‘sharpness’’ of the ‘‘ice ; 
increases down to a certain limit, and just as Jeffries and Archer pict 
critical size of beneficial inclusion which does the most strengthening, so 
picture a eritical size of injurious inclusion which does the most weake: 

Written Discussion:—By D. J. McAdam, Jr., Naval Engineering 
periment Station, Annapolis, Md.’ 

In closing the oral discussion of his paper Professor Moore atte 
to explain in two ways the fact that his conclusions are at varian 
those reached by the writer. He says that the material used at ihe \ 
Experiment Station in the investigation above referred to, had 
eold-worked commercially and, therefore, had been subjected to less 
treatment than it would have received in commercial manufacture. ‘That | 
statement is incorrect will be evident from a reading of the papers rete! 
to. It is there stated that the cold drawn and cold-rolled material 
received from the manufacturers named, and was tested ‘‘as received.’’ 
would be impossible for any material to be more ‘‘commercial.’’ 5o ' 
different conclusions reached at the two laboratories cannot be accounted 
for in this way. 

Professor Moore then attempts to account for the different conclus 
by the statement that there is little real difference between the results ' 
tained at the two laboratories, and that the differences in conclusions are 
chiefly to differences in interpretation. In a recent paper,’ however, | hav 
shown that the differences are not only in the interpretation but in the res 
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*See Iron Age, Dec. 20, 1923, p. 1656. 


1p. J. McAdam, Jr., “Endurance Properties of Non-Ferrous Metals,”’ Tray A 
M. E. No. 1506 E. Issued with ‘“‘Mining and Metallurgy,’’ October, 1925. 














DESIGN AND OPERATION OF FURNACES 
FOR SALT BATHS 


By Sam ‘Tour 


Abstract 







The paper povnts out the need for proper furnace 
design and operation for salt bath work, if satisfactory 
trial and service ts to be obtained from.a salt bath in- 
stallation. The method of heating, the distribution and 
radiation of heat, and the elimination of overheating are 
vital factors in this type of furnace. Twenty general 
requirements regarding salt bath furnaces are 
enumerated. 

Twelve furnace ilustrations are gwen showing the 
various ways in which the requirements may be met. The 
illustrations graphically point the way toward better 
‘urnace design. Recommendation is made that users do - 
not attempt to build their own furnaces but purchase 
them from reputable furnace builders and have them 
properly imstalled. 

General rules are given regarding furnace opera 
tion for salt bath work. 



























FURNACE DESIGN 





: |‘ the efficient operation of a salt bath for the heat treatment 
: of metals it is necessary to have a properly designed furnace 
0 obtain maximum production at lowest cost. Often an improperly 
designed furnace will mean a complete failure of a heat treating 
process employing salt baths. In such eases, it is unfortunate that 
the salt bath process itself is blamed for the failure, whereas, 
isually it is a question of furnace design and operation. A test 
'asalt bath is not a fair test unless the furnace used in the test 
s properly designed and properly operated. The pot or container 
used for the salt should be considered as a part of the furnace and 
care should be taken that the pot is properly designed, made of 
the proper material, and is properly installed. 

A company selling salts is usually in a position to recommend 
‘proper type of furnace and container for the work. The salt 
salesman, who advises the prospective user of salt that any kind 
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___A paper presented before the Cleveland Convention of Society, September, 


‘20. The author, Sam Tour, is metallurgist with the Doehler Die Casting 
ompany, Batavia, N. Y. 
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of a pot furnace will serve his requirements, not only r 
promotion of properly designed furnaces for this work. 
retards the use of salts for heat treating work. 

If a given salt bath is neutral to the steel being hea 
that is, does not pit or corrode the steel at the tempe 
operation, then it is logical to assume that this same bath wi] 
attack the container if the container is made of proper maj 
and is not locally heated to temperatures high above 
operation. Local overheating is the stumbling block 
salt baths and salt bath containers often fall. The eli) 
of local overheating is a question of furnace design and « 

It is a fallacy to consider that a heated liquid is of the say 


US fT 


temperature throughout. The convection currents in 

bath are the natural result of nonuniformity of temperat 
that bath. A molten bath is continually losing heat at th 
radiation into the atmosphere and, when in use, by the carr 
away of heat with the work. Normally, then, there will 
tendeney towards a higher temperature at the bottom of the | 
than at the top, in spite of the fact that convection currents | 
tinuously carry the colder liquid to the bottom. There 
course be a similar variation between the edge and the center 
the bath. While it is possible to apply heat uniformly 
bottom and sides of a pot we will have to contend with a 

in temperature at the top of the salt bath. This last factor 


difficult to eliminate, although it is possible to do so by a different 
method of applying heat. 
Since the zone of maximum heat loss is at the top, it necessaril 


follows that the zone of maximum heat input, to avoid local over 
heating, should also be at the top. To attempt to drive all the heat 
through the bottom of the pot means overheating the botton 

the pot in an attempt to keep the top up to temperature. It) 


necessary also to consider methods of decreasing the radiation loss 


from the top of the pot. This is especiaily true for large 
low pots. 

Dirt, decomposed salt, seale, sludge, etc., collects in the 
tom of the container and there acts somewhat as an insulat 
to retard the flow of heat through the bottom. If the furnace | 
so designed that the heat must be driven through the bottom 
the pot, local overheating often results, and not only the containers 
but usually the salt bath process, is considered a failure. 
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guid or molten salt occupies a larger volume than solid salt. 
rherefore on reheating a frozen or congealed bath of salt, if the 
at is being driven in for the most part through the bottom or 
near the bottom of the container, the salt in that locality is made 
1 melt first, and internal pressure results. Such internal pressure 
often causes containers to bulge and crack. In some cases attempts 
are made to relieve this condition by inserting tapered wedges or 
cones in the bath, small end down, during the freezing period, and 
knocking them loose and removing them after the bath is com- 
pletely solid and before the reheating is started. This practice 
vives the salt an opportunity to expand on reheating and gives the 
salt at the bottom of the container space into which to flow as it 
melts and expands, and thus internal pressure is relieved. Local 
verheating is, however, possible, and is usually present. In fact 
much of the difficulty with salt baths is due to attempts to obtain 
too rapid a rate of heating up of the frozen bath. By designing 
ind operating a furnace so that the maximum heat input is around 
e sides of the pot and near the top, the salt around the sides 
near the top will melt first, and any internal pressure from below 
ill be relieved. 

Efficient furnace operation is always obtained by placing the 
vents so as to remove the furnace gases from the coldest portion of 
the furnace, which portion should also be the zone of minimum 
heat input. This means that molten baths should be heated from 
the sides, i. e., the heat should be applied near the top of the pot, 
and the furnace gases should be vented from underneath the pot. 
This, however, does not mean that it is necessary to make heat 
near the top of the pot in order to apply it at that section. It 
s possible to make heat under the pot and to apply the same heat 
to the top section of the pot. It is all a matter of furnace design. 
This construction not only makes for efficient operation of the 
furnace but for long life of the containers and salt bath material 
ud, further, provides a convenient means of draining the furnace 
ind recovering the salt bath mixture in case of failure of the 
‘ontainer. 

There is a difference between the place where heat is made 
ind the place where it is applied. It so happens that the construc 
tion necessary to both make and apply heat at the top is relatively 
difficult for liquid fuel and such a construction is likely to be 
juestioned because it is different. A satisfactory underfired fur- 
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nace is one so constructed as to have a pot suspended in th 
ber above, a solid trough-shaped floor, the burner and con 
chamber underneath the floor, and a suitable arrangement 

from the combustion chamber delivering the hot gases a 
near the top section of the pot, and vents underneath th: 
that these hot gases pass down the sides of the pot and 
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Qi 


pot, y 


ACTOSS 


underneath the pot to the vents. In such a design the botto 
slabs should be tilted so as to allow salt to run out the drain hole 
easily, and also should be well and uniformly supported, and of 
materral and thickness such as to keep them from heating to a 
incandescent temperature. 

The general requirements regarding salt bath furnaces ar 


(1.) 


(=) 


(6.) 


(7.) 


The combustion chamber must be free from salt at 4 
times, as salt at the high temperatures prevailing 
combustion chambers attacks steel, iron and brick ra 
idly. 

The furnace should be provided with a bottom drai 
so that salt may be drained out in case of failure o! 
container. 

Means should be provided for accurate control of iu 
to air mixtures so as to effect accurate control of at 
mosphere in heating chamber and promote life of co 
tainers. 

The furnace cover should be such as to prevent molt 

salts dripping from the work from seeping down around 
the edge or rim of the pot into the heating chamber 
The furnace should be provided with a hood so as t 
carry away any fumes, to prevent undue splattering. 
and to prevent undue heat loss by radiation and con 
vection currents in the atmosphere. 

The volume of salt should be large enough for the wor 
to be done so that it will not be necessary to force thi 
furnace to bring the bath back up to temperature when 
cold work is inserted in the bath. Detailed figures on 
weights of steel and of different salts and dropping 0! 
temperature when work is immersed will be given 1» 

following chapter. 

The combustion chamber should be large enough to 
allow completion of combustion before the container }s 
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1e Wor 
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10. 


13.) 


(14.) 


(16.) 


SALT BATHS 


reached. That is, no flame should touch the container. 

The heating chamber directly surrounding the container 
should be large enough to allow the hot gases from 

the combustion chamber to completely and uniformly 

surround the container and to allow time for these gases 
to give their heat up to the container before they pass 
out the vent. Heating is thus by radiation and con 

vection. 

Furnaces should be well insulated and have large heat 
storage capacity so that temperature fluctuations can 
be kept at a minimum. 

The bottom of the furnace should be as cold as the 
container, the heat being driven in from the hot sides, 
and there should be no incandescent material in the 
furnace for the salt to come in contact with in case ol 
failure of the container. 

Wherever possible, the waste gases from the furnace 
should be used under preheating beds, over preheating 
tables, in or around preheating muffles, for preheating 
the work before it is placed in the salt bath. 

Drip pans and drop doors should be provided at vents 
or drains at the bottom of furnace so as to catch salt 
in case of failure of container and so as to permit of 
frequent and periodic cleaning and raking out of the 
furnace. 

Proper ventilation of the area over and around the 
furnace or of the room in which the furnace is installed 
should be provided as an aid to general working condi 
tions for the operator. 

Cross section of molten bath should be as small as 
possible so as to expose maximum surface of container 
to heating chamber. Round pots should be used for all 
small furnaces. Small rectangular pots are more diffi- 
cult to heat uniformly than small round pots, and fur- 
naces and pots are more expensive. 

The material used for the container must be suitable 
to the salt used and for the temperature of operation. 
Materials for and design of containers will be discussed 
in a following chapter. 

Furnaces should be tight so that excess cold air will 
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not enter, either while the burners are in ope. 
when they are shut off. 


(17.) As few burners should be used as possible so ; 
fewer valves for the operator to control and 
opportunity for ‘‘spotty’’ or local overheatin 

(18.) Burners and combustion space should not 


















Ve Place 


underneath the container, even though tunnels 

vided to conduct hot gases up around the sid 
container, because, first, if the container fail 
eaping salt will come in contact with inea) 

brick, and second, if the container fails, the burner } 
. and combustion chamber will become plugged with 
This usually means a more expensive installat 
soon proves a good investment. 
| (19.) Furnace and equipment should be arranged so as 
handle work on a continuous or semi-continuous | 
either automatically or by hand so that a full char 
is not placed in the bath or removed from the bat] 
one time. If ten pieces are to be treated every 
minutes, it is desirable to put one piece in and tak 
piece out every minute. With ten pieces in the bat 
all the time, each piece will be in ten minutes, and 1 
fluctuations of the bath temperature will be la: 
eliminated. 















(20. Sight holes should be provided at convenient places s 
that the operator may look into the heating chan 

and see if a uniform heating is being obtained and } 
the pot is in good condition. 





In so far as a majority of the above requirements are 
cerned, it is simpler to design a furnace for gaseous fuel than fo 
; liquid fuel. However, where the salt bath method of heat treat 
ing is being considered, it sometimes is necessary that a liqu 
fuel be used. For gaseous fuel, the question of burner tunnels, 
combustion space, heating space, location of burners, flame | 
pingement on containers, ete., are much more easily handled tha! 


with liquid fuel. 
tl q FURNACE ILLUSTRATIONS 





Fig. 1 is intended to show a common though relativel) 
cient type of furnace used extensively for salt baths and otle 
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It is open to the objections of short circuits of heat, 
control of the combustion air, local heating of the pot, 
oling of pot and furnace, high rate of decarburization of 


Fig. 1—Usual Type < Fur 
nace Used for Salt Baths. 


not, and contact of flame with pot under the usual crude condi 
tions of oil firing. 

Fic. 2 shows a deep circular pot with provision for support 
inderneath in order to decrease the strain at the top. The furnace 
; heated with two gas burners set tangentially near the top and 


Fig. 2—Deep Cylindrical Pot 
Furnace Showing Support for Pot. 


vented out the drain hole at the bottom. This is a satisfactory 
design for a gas-fired furnace. 
Fig. 3 shows a typical design of small round-pot furnace for 
il firing. The shell of the furnace is rectangular, the burner 
ring into combustion chamber 2. The furnace is complete with 
ovable cover 6 for the pot. The amount of refractory and in- 
sulating material is optional, but 414 inches of fire brick and 2% 
inches of insulating material is recommended. Opening 10 is fitted 
9, and the burner opening is fitted with a cover for con- 
trolling the induced air. Openings 8 and 9 may be closed to stop 
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April 
circulation of cold air through the furnace after the fuel is shut of 
This design is suggested for all oil-fired furnaces with round pots 
up to 14 inches in diameter and 20 inches in depth. 

Fig. 4 shows an oil-fired furnace suggested for pots 16 inches 


1. Flue through which hot gases pags 
from combustion chamber to heating 
chamber. This flue is tangentia] +, 
heating chamber. 

2. Combustion chamber. 

3. Heating chamber. 

}. Movable cover lined with ( 

for pot. 

8. Cover for burner opening, also ¢ 
trols induced air. 

9. Door over draw off opening in 
ing chamber. 

10. Draw off opening and waste gas fly 
in heating chamber to observe condi 
tion of pot and clean out chamber: 
opening covered by door No. 9 

11. Insulating brick. 

12. Fire brick. 

Vsti tise 13. Top plate of furnace to prevent th 


VCALLLSLLLLPGLLLLLLLL drippings from stock removed fron 


bath seeping into heating chamber 
combustion chamber. 
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Fig. 3—Typical Design for a Small Cylindrical Pot Furnace, Oil-Fired 


in diameter and 24 inches in depth and larger. The pot may also 
be supported at the bottom. This design will also apply to large 
diameter shallow pot furnaces, with the exception that on all large 
diameter pot furnaces the pot will be supported at the bottom. 
Nine inches of refractory material and 2% inches of insulating 
material are suggested on this size furnace, but if cost is a major 
consideration, only 414 inches of refractory need be used. 

Fig. 5 shows an oil-fired furnace similar to Fig. 4, but sug- 
gested for pots 48 inches or more in depth. This furnace has four 
combustion chambers and eight hot gas flues. The eross-sectional 
plan view of this furnace would be the same as shown in Fig. 4. 
A modification of this furnace is one in which two burners set 
vertically are used instead of four set horizontally. Long vertical 
tunnels opposite these burners have numerous ports opening into 
the heating chamber tangentially, directing the hot gases around 
the pot. Such a furnace is vented at the bottom the same as In 
Fig. 5. 

Fig. 6 is the same design of oil-fired furnace as in Fig. 3, with 
the addition of a preheating chamber. 
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Hic, 7 is the same design of oil-fired furnace as in Fig. 3 but 
with a preheating chamber, utilizing the waste gases for preheat- 
‘ng baskets of stock, or the preheating chamber may be fitted with 
a pot for drawback temperatures. 

Fig. 8 is an illustration of a method of making heat with oil 


Flues through which hot gases pass 
from combustion chamber to heating 
chamber. There are four of these 
flues, tangential to heating chamber. 
Combustion chamber. Two complete 
chambers. 


Heating chamber. 

Movable cover for waste gas flues. 

Movable cover fcr pot, lined with 
C-3 concrete. 

Waste gas flues. ‘Two of these flues 
Cover for burner opening; also con 
trols induced air. 

Door cver draw off opening in heat 
ing chamber. 

Draw off opening in heating cham- 
ber to observe condition of pot and 
clean out chamber. Opening covered 
by door 9. 

Insulating brick. 

Fire brick. 

Top plate of furnace to prevent the 
drippings from stock removed from 
bath seeping into heating chamber 
or combustion chamber. The pot 
may be supported at the bottom. 


YY. 
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Design for an Oil-Fired Furnace Using a Cylindrical Pot 16 Inches in Diameter 
nd 24 Inches in Depth. The Pot May be Supported at the Bcttom. 


fuel below a pot, but applying the heat near the top of the pot. 
The main purpose of this is to illustrate the difference between 
making heat and applying heat. It is open to the objection of the 
use of greater floor space and relatively hot bottom, which may be 
objectionable if the pot breaks. An advantage in this furnace is 
heat storage, as such a furnace would cool off relatively slowly, 
which is an advantage in the standby over night. 

Fig. 9 is a furnace with a combination of salt pot and pre- 
heating table. The spent gases are utilized to heat the table on 
which articles to be treated are laid before introduction into the 
bath. This is of advantage in driving off moisture on the surface 
and giving the material a certain amount of preheat. The furnace 
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1. Flue through which hot gases 
pass from combustion cham 
ber to heating chamber. This 
flue is tangential to the heat 15. 
ing chamber as shown on Fig. 


] Flues 


through 
from combustion 
chamber. Th 


to the circular 
Eight flues. 
Combustion ch 


four combustion 


8. Heating chamber 


4. Containe 
5. Movable covers 
6 Movable 


cove! I 


cover is lined 
7. Waste gas flues I 
10. Draw ocff opening 
be fitted with 


11. Insulating brik 
12. Fire 


13 Top plate of 


brick. 


drippings from 

the bath seeping 

ber or combust 
14 Port fer observi 

tainer Th 

with sliding door 
to that of Fig. 4 but f P 
bustion and Eight Hot ( | 
Movable cover for pot 


with C-3 
Draw off opening, fitted wit 
door. Condition of pot 


concrete 


be observed’ thro 
opening. 

Waste gas flue from heat 
chamber to pre-heatit 

ber 16. 

Insulating brick. 

Fire brick. 

Top plate of ftw 


prevent drippings from 
removed from bath seepin 
into heating chamber or con 


bustion chamber. 
Vent or waste gas flue 1 


pre-heating chamber: 


3. 16. Pre-heating chamber. 
2. Combustion chamber.  Ver- 17. Floor tile in pr ting 
tical cross section same as chamber. : 
shown on Fig. 3. 
3. Heating chamber. 
Fig. 6—Furnace having a Design Similar to Fig. 3 but having the Addition 0! 4 


heating Chamber. 
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wn is arranged for gas firing with one large burner set 


allv. The furnace may also be oil-fired with a burner 













d into a refractory-lined combustion chamber as shown in 





y 10 is an oil-fired furnace with rectangular pot. This 


~wangement is satisfactory for hardening and annealing work 
ts up to 2 or 3 feet wide and 5 feet long. Flames and hot 








7. Waste gas flue from heating 
chamber to pre-heating chamber 
No. 22. ; 

10. Draw off opening, fitted with 
door. Condition of pot may be 
observed through this opening. 











11. Insulating brick. 

12. Fire brick. 

13. Top plate of furnace to prevent 
drippings from stock removed 
from bath seeping into heating 
chamber or combustion chamber. 





ue through which hot gases 
s from combustion chamber 
heating chamber. This flue 
s tangential to heating chamber 
as shown on Fig. 3. 


21. Movable cover for pre-heating 
chamber. Cover is lined with 
C-3 concrete. 






as 22. Pre-heating chamber. 
Combustion chamber. Vertical ' mi . 
Note: The pre-heating chamber 
cross section same as shown on ye ; 
“gga of this furnace may be used for 
| y oO. : . 
pre-heating baskets of work, or 
a pot may be placed in this 






ids 






Heating chamber, 








Movable cover for pot, lined heating chamber for draw tem- 
vith C-3 concrete. peratures. 












Fig \ Design for an Oil-Fired Furnace Similar to that of Fig. 3 but having a Pre 
g Chamber, Using the Waste Gases for Preheating Baskets of Stock. The 


Preheating 
May be Fitted with a Pot for Tempering Temperature. 







vases from the combustion chamber travel along the sides of the 
pot and there is no flame impingement. For large installations 
a lining of 9 inches of fire brick with 214 inches of heat insulating 
brick is recommended. For smaller installations, or where cost 
sa deciding factor, 44 inches of fire brick with 21% inches of 
heat-insulating brick may be used. . The combustion chamber is 
small, and therefore the heat in it is intense, so it should be lined 
with special brick of silicon-carbide or aluminum oxide base. The 
tues through which the flame and hot gases from the combustion 
‘hamber pass are rectangular in shape and vary in size according 
to the size of the whole installation. For a pot 18 inches wide, 
‘8 inches long by 24 inches deep for operation at 1500 degrees 
ahr. a 5 by 9-inech combustion chamber with 114 by 41-inch 
ues are recommended. For a similar pot for operation at 700 
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April 


degrees Fahr. the combustion chamber should be the same. 
flue openings about 1 by 4% inches. This is in order to « mplete 
more of the combustion in the combustion chamber and hayoe | 


IPN 


ut the 





Fig. 8—A Furnace Design Whereby the 
Heat is Applied Near the Top of the Pot al- 
though the Oil Burner is Considerably Below the 
Pot. 


flame issuing from the flues into the heating chamber. The spac 
between pot and furnace wall should be from 6 to 8 inches. 

Fig. 11 illustrates a gas furnace with rectangular pot and 
burners at the top. Although gas furnaces of this type are in use. 
they are open to the objection of having the flame impinge directly 






Y 


Tea 


Fig. 9—Gas-Fired Combination Salt Pot and Preheating Table 
Furnace. Waste Gases are Used to Heat the Table on which 
Articles to be Heated are Placed before being put into the Salt 
Bath. 






against the pot. By a proper placing of burners, as illustrated 11 
Fig. 12, such a gas furnace would be quite satisfactory. 

Fig. 12 is a gas-fired, rectangular, pot furnace with burners 
set at each corner at the top and with bottom vents and drains. 
For pots up to 16 inches wide by 24 inches long only two burners 
set at diagonally opposite corners need be used. Larger pots re 
quire four burners as shown. For pots more than 30 inches deep, 
additional burners set below those shown are sometimes needed. 
This design meets practically all of the requirements listed under 
‘*Furnace Design,’’ and is a satisfactory furnace to operate, esp 
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‘f burners are installed with a single valve to control them. 

114, or 9 inches of fire brick may be used in the walls, to- 

vether with 214 inches of heat-insulating brick. Vent and drain 
hol ; should be provided with covers or doors. A refractory-lined 


Burner tunnel. 

Combustion chamber. 

Flues for hot gases and flames from combustion 
chambers. 

Fire brick walls, bottom, ete. 

Insulation or insulating brick. 

Highly refractory lining or tunnel brick. 
Vents and drain openings. 

Top plate of furnace. 

Pot. 

Brick supports for pot. 


Fig. 10—Oil-Fired Salt Bath Furnace Using a Rectangular Pot 
This Design is Satisfactory for Hardening and Annealing Work in 
Pots up to 2 or 3 feet Wide and 5 feet Long. 
cover should be provided for the pot in order to cut down radia- 


tion Ie SSes. 


All of these sketches are by way of suggestion only. They 
lo not show construction in sufficient detail to allow their being 
used as final drawings. They are intended to point the way toward 
better furnace design and construction for salt bath work. De- 
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tails of furnaces, doors for vents and openings, conduc; 
of hot gases from flues, ete., are purposely omitted. Su 
are best handled for each individual installation by p 
operation between the furnace builder and the purchase 
It is recommended that users of salt baths, unless 





Fig. 11—Gas-Fired Furnace with 
Rectangular Pot and Gas Burners at 
the Top. ‘The Objection to this Type 
of Furnace is that the Flame of the 
Burner Impinges Directly Against 
the Pot. 


a competent and experienced force of engineers and furnace 
struction men, do not attempt to build their own furnaces. Bett 
results will almost always be obtained, and an eventual saving 
effected, if furnaces are purchased from and built by reputab! 
furnace construction companies, of which there are quite a nun 
ber in this country. 
KURNACE OPERATION 

Considerable stress has been laid on the proper operation, 
well as design, of a furnace for salt bath work. No furnace build 
has yet been able to build a gas or oil-fired furnace that is 
proof.’’ Operators must be instructed in the proper method 
operation, and executives must see that instructions are carried | 
if best results are to be obtained. It is not only the matter o! 
cost and fuel efficiency that must be considered, but also life | 
the container, life of the furnace, life of the salt bath mixtur 
safety of employes, and cost of avoidable and frequent shut-down 
An unreasonable rate of heating and of cooling, due to circulatio’ 
of air through the furnaces, is responsible for much of the difficult) 
that has been attributed to the pot or to the furnace. Nothing 
in the way of furnace design will of itself change the condition 
This is a matter of furnace operation. 

If in the normal operation of a salt bath it can be brought 
up to heat in ninety minutes without local over heating, etc., ths 
is the time limit that should be set and no employe allowed to 
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furnace in order to cut this time down to sixty or forty 
That more rapid heating can be 


done with the equip 
‘s not an excuse for it to be done. It 


is easier to overheat 


= RN 
cote. cer “<< *% —“ 
| —— 


+ ee 


Gas burner tunnel. 6 

Tunnel brick. 8. Tunnel brick. 
Heating chamber. 9. Side and end plates. 
lire brick. 10. Vent and drain tiles. 
Insulating brick. 11, Rail supports. 

Pot. 12. Fire brick. 


Top plate of furnace. 


Fig. 12——Gas-Fired Furnace with Rectangular Pot The 
Burners are set at each Corner at the Top and with Bottom 
Vents and Drains. 


e average oil-fired salt bath than it is to bring it up to heat 


rradually. By overheating, the time of bringing to heat from cold 


; { down, but at the expense of fuel cost, furnace life, 
thing if f 
( life, and salt bath life. 


ficult 
ek container 
Indirect-fired furnaces, such as herein de 
scribed and recommended, require more time for bringing the bath 
heat than is required with direct-fired furnaces where the 
ne shoots directly into the chamber around the pot, 
im for this added time there is the enormous gain 
nd salt life, and fuel consumption. 


dition 


but in re 
pot, furnace, 
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Solid salt is not as good a conductor of heat as molten cai the 0) 
In either case it is not as good a conductor as lead. An 
should not be made to drive heat into a salt bath faster the | 
salt can normally take it up. The rate at which heat is cond ter] the 1 
is proportional to the temperature gradient, and to force the hay but t 
means to unduly increase this temperature gradient. If, fo, 
stance, the salt bath is a tempering mixture known to brea! 
say at 1200 degrees Fahr., with a safe working range from 300 s rushe 
1000 degrees, the rate of heating should be so low that at no tin, The : 
does the container at any spot get much above 1000 degrees. ay, cool 
never up to 1200 degrees. This means that at no time should thp tracl 
container, if viewed through the heating chamber, be above a dy For 
red heat. If, by holding the temperature of the container dow the | 
to this point, it takes ninety minutes, or three hours, to melt dow; show! 
the bath and bring it up to the working temperature of 800 4 lf 
grees Fahr., then this is the normal rate for this installation. and ane 
no attempt should be made to shorten the time periods. If the sali 
bath is a mixture for hardening purposes with a working range y J 
from, say 1300 to 1600 degrees Fahr., there is usually no need to J. oF 
worry regarding the breaking down of the salt, but there is grea 
need to worry regarding the burning out of the pot. Much of the 
difficulty which is often encountered in the failure of pots has bee: 
due to an unusual firing condition. Heat is supplied to the pot 
faster than the salt will take it up, and this, together with t! 7 
internal strains, causes pot rupture. = 

The point of ‘‘local heating’’ is a matter of furnace operatio 
as well as of furnace design. ‘‘ Local heating’’ or ‘‘local overheat 
ing’’ is generally interpreted as a condition giving a hot spot or hot 
zone at some section of the pot surface. The condition exists i — 
an overwhelming majority of pot furnaces. Attempts are mace 
to keep away from this by means of baffles to permit heat distr 7 
bution without direct impingement of flame, but if the furnace 
operator feeds too much fuel, an unduly long flame results, and = | uly 
the flame travels beyond the baffles, and flame impingement re 
sults. Even when baffles are properly placed and not too much fue! 
is being fired, there is a tendency to maintain too high a temper 
ture in the heating chamber, even though the heat is uniform) 
distributed to the pot. 

General requirement number 16 for salt bath furnaces re tg 
lates to design, but this is a point which also has much to do with ™s 
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yeyation of the furnace. Most oil furnaces are built under 
ions that permit the flame of combustion to exist close to 


The burner usually blasts through a hole in the side of 
-furnace. The air that passes through the burner is controlled, 
hut there is no control of the air that is induced. Frequently this 
makes it necessary to burn more oil than is needed in order to bal- 
ance the uncontrolled air. When the fire is shut off the cold air 
mshes through the burner openings into and out of the furnace. 
The furnace thus becomes virtually a stack. This reacts in quick 
cooling of the pot, decarburization of the metal in the pot, con- 


rraction of the brickwork, and a relatively fast rate of cooling. 


or the above reasons, burners designed to control all the air in 


the furnace are of course preferable. In any ease the operator 
should bottle the furnace up tight when the heat is off by covering 


| flues and plugging all lighting holes, drain holes, peep holes 
| burner ports. 


ana 
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Discussion 

. ©, Davis: As a furnace and heat treating salt bath salesman for some 

[ want to thank Mr. Tour for this paper and bringing the matter of 

onstruction when used for salt baths so forcefully before the Society 

iin. There have been a few papers published on salt bath furnace design, 

t this is one of the most comprehensive and complete papers on this subject 
| have yet heard, 


In the past we have used lead pot furnaces extensively and also cyanide 
furnaces, but little, if any, thought has been given to the design of these 


rhaces, 


Probably this is due to the fact that lead is a metal and has prae 
ily the same heat conductivity as a solid as it does as a liquid, and it was 

to use a poorly designed equipment and get some sort of results. 
me point out, however, that the construction as brought out by Mr. Tour 
plies just as readily to lead pot furnaces as to salt bath furnaces. 


It was 
y because salts offer a much more serious heating problem that we were 


ed into the study of the furnace design in using them. 


A 


Che heating of salts is one of the hardest problems to meet, if not the 
rdest, that I have ever had to contend with. This is due to the fact that 
is a solid is an extremely poor heat conductor, while as a liquid it makes 

od heat transfer medium. This is due to its transmission of heat by 
nvection rather than conduction. This difference in the method of heat 


‘anster, namely, conduction and convection, must be kept constantly in mind 
; 


idying the heating of a salt. The tremendous quantity of heat necessary 











570 TRANSACTIONS OF THE A. 8. 8. T. 
to melt the salt and get it into a liquid state is not clearly re 
result is that the operator in an effort to get his temperature qu 
the furnace to capacity with resulting destruction of pot and fur 
Any one who has made a study of this has been surprised at 
tures sometimes reached in the combustion chamber while heat 
before the salts have even commenced to melt. I have seen a sg! 
used with salt for tempering high speed steel at 1200 degrees Fal 
buckled and cracked under the heating, giving every indication 
been heated to temperatures above forging heat. A good way 
condition is to immerse a thermocouple in the liquid around the 
pot and read the temperature of the salt while the center is not 
melted. I have seen a temperature of 1600 degrees Fahr. on the o 
the salt at the center, with a melting point of 1100 degrees, y 
melted. This is alone an unbelievable temperature difference, b 
consider what the combustion chamber temperature is under t sh 
tions—at least 1800 degrees Fahr. Allow me to stress here the fact | 
is a heating up condition only, and when the salt has become liquid 
temperature difference within the pot will become uniform to a greater extent ] 
than in any other medium. 
It is due to these factors that the furnace design is of such in 
Electric furnaces have been used lately for salt and lead pot furna 
primary advantage as far as I can find out is in increased pot life due to | 
gentler and more uniform heat application. Since the use of salt 
grown so rapidly lately, fuel-fired furnace builders have turned to th 
of pot furnace design. The result is that there are now availabl 
pot furnaces with burners located well up towards the top 
tangentially with ventilation at the bottom. Also there are oil-fired 
with separate combustion chambers constructed under the bottom o\ 
all flame impingement and making for uniform heating of the pot walls, as 
mentioned by Mr. Tour and illustrated by his slides. 
One of the latest and best installations of oil-fired pot furnaces to 
to my attention is that of two 40-inch diameter by 40-inch deep pots in a ‘ ind 
necticut wire mill for bright annealing wire in a salt bath. These furnaces ‘ula 
are constructed with a special combustion chamber of interesting and uniq in 
design in itself. The combustion chamber is entirely separate having a d 
of carborundum under the pot. This dome is heated to incandes 
the heat transferred to the pot entirely by radiation. Thus this furna sail 
builder has accomplished the heating of the pot by the same methods as 1! pe 
electric furnaces, namely, by radiation, with therefore the same gentle um ues 
form heat and increased life of pots, but using cheap oil as a fuel. ni 
©. T. Parrerson: I would like to ask Mr. Tour what salts or salt mix 
tures are available for quenching. 
Sam Tour: Well, that is a question that is hard to answer except t 
say that if you look around the exposition over in the Auditorium you Wil 
find three or four different companies selling salt bath mixtures. | wo 


recommend all of them, according to what you want to use them for. ! 
not believe it would be proper for me to tell you the composition of anybody ® 


bath when those people are making a living selling that mixture. 


CUTTING TESTS OF TOOL STEELS 


By JEROME STRAUSS 
Abstract 


This paper deals with the cutting ability of tools 
id tool steels and the cutting resistance of metals. 

The author sets forth the three classes of tools for 
tting metals and describes the various expervmental 
ts made in determining the failure of tools. 

The general precautions necessary to be taken in the 
rious methods of testing are enumerated. 


INTRODUCTION 


I pe for cutting metals may be broadly subdivided into 


three classes: 


Those possessing a single cutting edge and employed for 
continuous or nearly continuous cutting. : 
Those possessing two or more cutting edges and employed 
for continuous or nearly continuous cutting. 

Those possessing two or more (generally the latter) cut- 
ting edges and in which, by virtue of their form and 
mode of application, each edge takes only short cuts and 
functions during a small percentage of the operating 
time of the tool. 


In the first group are included lathe, boring-mill, planer, shaper, 
ind slotter tools. In the second group are drills, taps, reamers, 
nd some types of die-sinking tools. Group three comprises cir- 
ular saws, straddle-mills, end-mills, form eutters, and other types 
f milling appliances. 


Obviously, this classification embraces only the cutting ele- 


ments of machine tools. There are edged metal-working tools, 
such as files, shears, dies and trimmers of various types, which are 
utside of its boundaries but they are of minor magnitude and 
inmportant from the viewpoint of this discussion. 

Tests involving the employment of any or all of these special 
metal-forming devices may be initiated for one or more of sev- 
‘ral purposes, as follows: 


To secure data on the effect of variations in tool form, 
A paper by Jerome Strauss, material engineer, U. 8S. Naval Gun Factory, 


ngton, D. C. 
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or power, cutting force and similar data for y th, 
design of the equipment in which the tool is to | 

(b) To compare various structural metals in respect 
of machining, character of finish obtained by machi 
etc. ; 

(c) To compare the cutting qualities of tool steels as affected 
by composition, manufacturing methods, final therm, 
treatment, ete. (and including comparative tests of 
pared or purchased tools). 


pr 


This article is primarily concerned with purpose (¢) but must , 
necessity make use to some degree of work performed with other 
objects in view, so as to provide a satisfactory presentation of 
testing practice. The appended bibliography includes publication: 
describing experiments undertaken for all three purposes. 
Relative performance of any series of steels under given wy 
form cutting conditions, using tools in any of classes 1, 2 or 
will not necessarily be duplicated in cutting tests involving 
greatly different cutting conditions or a change from tools 0! 
one class to tools of another class. For example, in a given grou 
of steels, maximum performance as a lathe roughing tool, as ; 
lathe finishing tool, as a drill and as a milling cutter, will not 
necessarily be obtained with the same steel. The specific action o 
the cutting edge, the limitations of tool strength imposed by the 
design of the tool, heat-treatment limitations from the same cause, 
and other factors affect performance characteristics and the choice 
of a tool steel for a given purpose. Experiments having as their 
primary object, comparison of the cutting ability of tool steels, 
have, therefore, been conducted using tools of all three classes 
Due to their predominance in each group in respect to industrial 
importance, as well as the many advantages to the experimenter 
(availability, ease of operation and simplicity of equipment, re- 
producibility of tool, ete.), lathe tools, twist drills and straddle 
mills (side milling cutters) have been used as representative 0! 
the three groups. Conclusions in respect to tool steel ‘‘ quality,” 
composition and heat treatment, derived from tests of given tools 
in any class seem to be applicable qualitatively to all tools with- 
in that class. Application of such results to tools in another 
class or to the cutting of metal differing greatly from that used 
in the tests or to an extreme change in cutting rate (as lathe 
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CUTTING TESTS 


roughing to lathe finishing), cannot generally be assumed to yield 
correct information. LATHE Toot TESTING 

Probably the greater portion of the work with lathe tools has 
heen done using severe cutting conditions (heavy feed and depth 
of cut) and employing a ‘‘roughing’’ type of tool. Common tool 
nose contours adopted for this work are shown in Figs. 1 to 4 in- 
elusive. Fig. 1 illustrates the form and dimensions of the tool used 
by Taylor (4)? in the greater portion of his experimental work. It 
be one of the series developed by him and his co-workers as stand- 
ard shop tools and is highly economical for shop service; for tool 
steel comparison testing, its construction is involved and its de- 
sirability questionable. Fig. 2 shows the design of a tool re- 
sulting from extensive British experiments (20); continental Eu- 
rope has generally favored a tool of the cross-section of Fig, 2 
but having a contour similar to that of Fig. 3, and a nose-radius 
f 3. inch to % inch. The latter tool has been frequently used 
in this country in competitive tests of tool steels (21). Fig. 4 
shows a tool form almost identical with that of Fig. 3 (21); 
when properly supported this tool is very serviceable, has the 
creat advantage for experimental work of tool steel economy and 
is the form employed by the author and his associates. In general 
the design of experimental tools should be governed by economy of 
material and tool preparation, high endurance or cutting ability 
due to design alone, and simplicity of manipulation. It may be 
of great importance that there be some relationship between the 
entire method of testing (including tool form) and the problems 
to which the results of the testing are to be applied; this must, 
of course, be answered by each investigator for himself and will 
depend upon the use to be made of the desired data. 

Three methods have been employed in testing steels in the 
form of lathe roughing tools. Taylor’s procedure (4) involved the 
determination of that speed which caused failure of the tool in 
some predetermined time (he selected 20 minutes), under given 
conditions (dimensions of cut, turning speed, ete.) ; two, three or 
four tools were run until one met or nearly met these requirements 
and then two or more tests were made at the speed thus found (or 
indicated) to insure corrrect determination of this so-called 
Standard speed’’ or ‘‘Taylor speed.’’ The practice of the author 


a 


‘Figures appearing in parentheses refer to selected bibliography appended to this paper. 
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\nr 
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Figs. 5 and 6—Lathe Tools used for Cutting Tests with Les 
Much less Severe Cutting Conditions, such as Finishing Cuts tes 
LU 
measure of the cutting ability (21). Both of the foregoing met! 9 
ods require the use of a long cylindrical test ‘‘log’’ and feeding sh 
the tool parallel to the axis of the lathe. In the third method, Ov 
relatively thin disk with a hole at the center is used as the materia 8 
to be cut. The tool is started at the surface of the central hol a] 
and fed toward the periphery of the disk, the lathe operating at f, 
constant angular speed.* The diameter of the disk at which failur t, 

of the tool occurs, or the linear speed corresponding to that diame 

ter, or the total amount of metal removed if all tools are started I 
at the same linear speed, is used as a measure of the endurane 4 
of the tool; several tests (two or more grinds on each tool) ar 


*Method employed by the Carpenter Steel Company. 


CUTTING TESTS 


to obtain reliable results. This method has been modi 
use with a long cylindrical ‘‘log’’ by adopting a pro 
ure of inereasing the angular speed by equal inerements in 
time units (11). 
severe cutting tests, such as these, many combinations 
{ cutting conditions are employed, but in general the depth of cut 
- not less than 4g inch, nor the feed less than 0.025 inch; the 
onditions In a specific instance will be dictated by the metal being 
it, the tool size and form and the approximate tool endurance de 
sired. By way of illustration, in eutting heat treated nickel 
steel of about 100,000 pounds per square inch tensile strength and 
ising the ‘‘breakdown’’ method, properly hardened high speed steel 
tools of the form of Fig. 4, taking a ;% inch deep by 0.028 inch 
thick eut, will have endurance of about 12 to 60 minutes when cut 
ting dry at 70 feet per minute (27). With the speed-increment 
method adapted to a long eylindrical ‘‘log,’’ tests with 54 inch x 
. inches high speed steel tools of form similar to Fig. 2, on high 
irbon steel of about 125,000 pounds per square inch tensile 
strength, using a cut ;% inch deep and 0.083 inch thick, failure 
weurred at a. cutting speed less than 40 feet per minute, when 
l 
per minute per minute (15). When testing by any of these 
three methods, and adjusting conditions when using either of the 
irst two so as to secure failure in about 80 minutes or less (or 
litable speed change in the third method), thermal effects are 
predominant and it is, therefore, essential that cutting be con 
tinuous throughout each individual test. The dimensions of the 
test “‘log’’ should be so chosen that this is possible. To avoid chat- 


itting was initiated at 20 feet per minute and increased one 


er of a long eylinder and the consequent likelihood of tool break 
age and excessive machine tool wear, steel ‘‘logs’’ over 4 feet long 
should not be used after their diameter is reduced to 5 inches: if 
over 6 feet in length a steady-rest is desirable after reduction to 
‘ inches in diameter. Suitable dimensions have been found to be 


wout 11 inches outside diameter, 4 inches inside diameter and 71/4, 
‘eet long for steels up to 220 Brinell and 614, inches outside diame 


Le r. 


inches inside diameter and 5 feet long for harder steels. 
The simplest and also customary procedure in setting the 
lathe tool is to have the axis horizontal and perpendicular to the 
axis of the ‘‘log’’; the nose is positioned in the same horizontal 
plane as the log axis, i. e., on ‘‘dead center.”’ 
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The major portion of industrial lathe work is not performe 
with roughing tools and hence, although this type of testing 
more readily carried on, experiments have been and are being 
made, using much less severe cutting conditions, such as a) 


ire char. 
acteristic of finishing cuts. Tools of the form shown in Pyjox - 
5 Igs, 


5 
(11) and 6 (30) (as well as a tool similar to that of Fig. 2) hay 
been chosen for work of this character. In the roughing too] tos. 
already described, failure of the tool is sharp and no difficult 
is experienced in determining the end point of the ‘“‘run.”’ Under 
mild cutting conditions, however, where failure is primarily due 
to causes other than the physical properties of the tool at elevate 
temperature, such an end point is not usually obtained. The tests 
are run with fixed speed and fixed dimensions of cut and the end 
point taken at the time at which a predetermined amount of wear 
has taken place at the tool nose (measured by removal of the tool 
and micro-examination or by an automatic attachment on special 
equipment) or the time at which the initial power required for 
eutting or the initial forces acting on the tool have been increase 
by a predetermined amount or percentage. Due to the conditions 
and character of failure in tests of this type, each complete tov! 
run need not necessarily be continuous; absence of interruptions 
is, however, desirable. With fine feeds, slight imperfections in 
the cutting edge of the tool or in the material being cut have a 
great effect upon the progress of failure (17), so that dependable 
data may be secured at times only by increasing the number of 
tests for each set of testing conditions. 


1s 


Dritt TESTING 


Customary practice in testing tool steels in the form of drills’ 
has been to make up tools 14, % or 1 inch in diameter, and of 
standard length for the type drill (taper or straight shank 
selected. For steel cutting, the included angle at the point is 
118 degrees, the clearance angle of the point at the periphery 1° 
degrees and the helix angle of the drill 26 to 30 degrees. The 
clearance angle is increased toward the center of the drill until 
the angle between the cutting edge and the end of the web is 139 
degrees. This tool form is readily secured by the use of drill 
grinding machines. Drills made by twisting flat bar stock may 
be formed to the same tool angles. Testing under mild cutting 


®Much of the detail of drill testing has been supplied by J. V. Emmons, metallurgist 


Cleveland Twist Drill Co., Cleveland, in private correspondence. 
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eonditions 1s not generally practiced, the usual procedure involv- 
‘ng sufficiently severe working so that the heat generated becomes 
an important factor in causing failure. Feeds and speeds are 
adjusted so that the tool endurance lies between 25 and 200 
‘nehes of cutting. As the test block thickness normally varies 
from 1 to 4 inches according to the size of drill tested and the 
character of the material being cut, and the heat generated by 
cutting influences the endurance of the tool, the time from the 
end of one eut to the beginning of the next should be as brief 
as possible. For reliable data, at least nine tests should be made 
and averaged, using the original and two regrindings on each of 
three drills. Tests may be earried out on each drill, using a 
constant speed and feed, or conditions may be varied, as in the third 
method of lathe roughing tool testing by operating at a given 
speed and feed for 5, 10 or 20 inches of cutting, then increasing 
speed or feed or both and drilling the same depth as in the first 
step of the test; this procedure is repeated until failure occurs. 
Common peripheral speeds used in testing high speed steel drills 
by the constant speed and feed method, range from about 200 
feet per minute for soft cast iron to 50 feet per minute for 
chromium-nickel steel of 125,000 pounds per square inch tensile 
strength; the associated feed ranges from 0.100 inch per revolution 
to 0.010 inch per revolution respectively. In a test of the speed- 
increment type (8), using commercial milled and twisted drills 
of 15 inch diameter and 16 inches long, a feed of 0.025 inch per 
revolution and an initial speed of 86 feet per minute, cutting a 
0.16 per cent carbon steel, failure occurred in not more than five 
increments of speed averaging 9 feet per minute each; 4 inches 
of metal was drilled in each step of the test. 


Mruuine Currer TESTING 


The most common form of milling cutter used in studying 
the properties of tool steels is a straddle-mill of a diameter be- 
tween 3 and 6 inches and a thickness of 1, to 1 inch; within this 
range a 3 by 1% inch eutter appears most desirable. Because 
failure must, for testing purposes, be obtained in a reasonably 
brief period, heavy duty cutting is a requisite and hence the 
overhang of the milling machine arbor as well as the width 
of the test block should be as small as possible and the spindle 
diameter as large as possible (preferably 114 inches) ; the latter 
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dimension determines, of course, the bore of the cutter.  ‘Yoo)x « 


this type cannot be operated so as to fail due primarily to heat 
effects and, consequently, continuous cutting, prevented by ¢), 
nature of the machine tool usually used, is not vitally , 


LeCeSSary 
intervals between cutting periods should, however, be 


ho longer 
than is required to set the succeeding cut. Preferably three tes, 
(initial grind and two regrinds) on each of two tools, as nearh 
identical as possible, should be made to obtain reliable results 
In regrinding, due to the nature-of failure, both thickness ani 
diameter of the cutter must be reduced and for satisfactory com. 
parisons these reductions in dimensions should be made the ganp 
for all tools in a series. References (18) and (24) give data op 
milling cutter design for those who may desire details of suc 
investigations. A suitable form of the 3 x %-inch cutter employs 
18 teeth, the tooth depth being about 0.27 inch, the rake angle o| 
the cutting face 121% degrees, and the side and peripheral clearance 
® degrees. One common method of testing consists in using a 
fixed speed, feed and depth of cut and determining the linear 
feet of eutting up to the time of failure. Another method, usin 
a principle similar to that in the testing of lathe tools on a thi 
disk, involves cutting with a fixed depth of cut at a given feed 
and speed for a definite linear cut of 5, 10 or 20 feet; then with 
depth of cut constant but increased speed or feed or both, an- 
other cut of the same linear dimension is taken; this procedure 
is repeated until failure occurs. Failure in many eases has been 
found to be sharp but as it is not so readily identified as is 
failure of lathe roughing tools, it is often arbitrarily designated 
as a certain predetermined amount of wear or of increase in power 
required for cutting or of increase in the forces acting on the tool. 
A suitable depth of cut with the 3 x ™% inch cutter is 0.10 inch 
and two cuts may be made in the same groove or path before it 
becomes necessary to begin cutting in a new location parallel to 
the preceding one; the space between such adjacent. cuts should be 
at least 14 inch, in order to avoid appreciable pressure against 
the cutter by the metal wall between the two grooves. A con 
venient size block of metal for use in testing milling cutters 1s 
8 inches deep, 6 inches wide and 24 inches long; for hard steels 
it may be necessary to reduce the 8-inch dimension to 2 inches, In 
order to secure physically homogeneous material. In a tes! 
at constant speed and feed (130 feet per minute and °%}} inches 
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per minute), eutting chromium-nickel steel of 126,000 pounds per 
sjuare inch tensile strength with 4 x 5 inch cutters, the cut being 
i,-inch deep and with a continuous flow of oil on the tool, endur- 
ance ranged from 48 to 216 inches of metal cut; the tools were 
prepared from a variety of high speed steels and were given 
several different heat treatments (19). In a test of the speed 
and feed inerement type, using 4 x 14-inch high speed cutters, 
_ 0.10-inch depth of cut and an oil coolant, cutting nickel steel 
of 95,000 pounds per square inch tensile strength and initiating 
cutting at 110 feet per minute and 7 inches feed per minute, fail- 
ure oceurred either before or during the sixth step of the test: 
the feed and speed increments were of approximately equal mag- 
nitude for each step, the final cutting rate being at 260 feet per 
minute with a feed of 16 inches per minute (23). 


(GENERAL PRECAUTIONS 


Certain precautions apply to all of the forms of testing that 
have been deseribed. In starting any test in the wake of a 
previous one, great care should be taken to remove the metal 
which was in contact with the preceding tool close to the moment 
of failure; in this vicinity the metal being cut has undergone 
severe disturbanee and, in addition, particles of the failed tool 
may be embedded in this metal. Tools should be fed by hand 
until a cut of full or nearly full size is being taken and then the 
automatic feed engaged; this moment should be taken as the 
starting time. The power of the machine tool should be well 
above that required and preferably twice that of the maximum 
load anticipated. All parts of the equipment should be as rigid 
as possible. These precautions, if taken, will avoid difficulties due 
to chattering and other vibration effects. In order to secure sat- 
isfactory speed regulation and uniform cutting conditions, the 
machine tool should be motor driven and auxiliary rheostats em- 
ployed if those of the installation are not satisfactory. It should 
be possible to obtain the desired surface speed in lathes, for ex- 
ample, at any ‘‘log’’ diameter down to 5 inches, to within + 0.5 
foot per minute. Most testing has been performed without lubri- 
cation or cooling of the tool. (Relative performance of a group 
of tools or steels may vary according to whether a coolant is or 
is not used; test data secured with dry tools may not therefore 
apply to wet cutting and vice versa.) Much information of value 
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may be secured in this way, but to obtain uniform perfo) 
the stream of lubricant or coolant should be heavy and directo, 
in the most effective manner. For lathe tools, the stream should 
be normal to the top surface of the tool at the cutting edge. fo, 


drills at about 30 degrees to the drill axis and into the drilled hole 
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Fig. 7—Typical Speed-Endurance Curve 
for milling cutters, slightly to the rear of the top of the mill and at 
about 30 degrees to the periphery. Every precaution should |x 
taken to insure that the metal being cut is physically and chem 
‘ally uniform throughout. 
TypicAL Data AND Its INTERPRETATION 

In many types of tests of tools or tool steels, in which 1 
is endeavored to restrict variation in magnitude to only one var 
able at a time, holding all others constant, the resultant data may 
lend itself to simple mathematical expression. There are many 
eases where these conditions do not obtain, such as in tests to de 
termine the effect of some factor of tool contour, in which a change 
in this factor produces a simultaneous change in the cutting actio! 
or character of the chip. But as an illustration directly applica 
ble to the present subject, the effect of cutting speed on the en 
durance of lathe roughing tools may be cited. In plotting the ' 
sults of the breakdown test in the cutting of the usual carbon and 
alloy structural steels, and using cutting speed and endurance @s 
ordinates, a curve of the exponential type (Fig. 7) is obtained (4 
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This curve corresponds to the formula VT" C 
where V is the cutting speed, T the endurance and C a constant 
for a given tool, metal being cut and specific cutting conditions 
of the test. The exponent X has been assigned various values 
hy different investigators but the value X 1/7 has been found 
to st the facts most closely (32). With this value and a series 
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Series of Speed-Endurance Curves (Drawn _ to 


C). 

f arbitrarily selected constants (the range of 60 to 200 will. 
usually suffice), a series of curves can be prepared, as shown in 
hig. 8. If, with any fixed operating conditions, a number of 
tests are made at fixed speed and the average endurance is located 
on this chart, it becomes a simple matter to determine the cutting 
speed necessary to secure any desired tool life (20). It is ob- 
vious that this method ean also be used to obtain the ‘‘Taylor 
speed’’ from the results of ‘‘breakdown’’ tests. 

In attempting to obtain a relationship between endurance of 
tools and the tensile strength of the steel being cut, other investi- 
gators have found a straight line relationship to connect the two 
variables (when cutting carbon steels). This affords another in- 
teresting possible application of tool testing work but in this in- 
stance care is required in interpretation. For it is not yet certain 
that the same tensile strength in the same steel will always be 
productive of the same cutting qualities, particularly if the mi- 
crostructure varies widely. Also, for steels of about 70,000 to 
100,000 pounds per square inch tensile strength lathe roughing 
tools show maximum endurance with a cutting angle (angle be- 
‘ween top surface of tool, and the vertical) of 68 to 70 degrees in 
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April 
the plane of the chip; for harder steels endurance incre: Ses with 
increase in the cutting angle and for softer steels it increases with 


decrease in this angle (both within limits). Hence in comparing 
the endurance of tools on metals covering a wide range of har; 
ness, the cutting angle of the tools used must enter into {he 
pretation, if results are to have practical utility. 


Reference has already been made to the characteristic dif'o 
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Fig. 9—Speed-Endurance Curve for Finishing Cuts 


ences between lathe roughing and finishing cuts. It is obvicusl) 
difficult to draw a sharp line of separation between the two but 
efforts to connect and correlate them are likely to be fraught with 
much difficulty. The lack of complete continuity in the relation 
ship of cutting speed and endurance when using mild cutting 
conditions has been demonstrated by two very interesting re 
searches (6) (9). Recently confirmation of these findings has 
been reported (30) and data for both mild and moderately severe 
cutting plotted together. A few of these results are plotted in 
Fig. 9. The discontinuous character of the curve at the lowe 
speeds and the fact that under certain mild eutting conditions 
an increase in endurance may result from an increase in cutting 
speed, are clearly shown. The resemblance, however, of the por- 
tion of the curve in the higher speed ranges, to the curve 0! 
Fig. 7 is striking. The end point in the tests of Fig. 9 was 
determined by a 10 per cent increase in the initial vertical foree 
on the tool, whereas the tests of Fig. 7 were by the ‘‘breakdown’ 
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method. Definite proof is still lacking of close relationship be- 
tween tests in which failure is accompanied by a red heat and 
those in which temperature increase is moderate; consequently 
the application of comparisons obtained in severe cutting tests, 
to mild cutting service and vice versa, are not warranted. Like- 
wise, assumptions should not be made in regard to similar tool 


behavior When eutting steels of widely different strength or ap- 


preciably different composition or heat treatment. Data on these 
questions are still seant. 

In addition to the methods of tool and tool steel comparison 
that have been deseribed, testing by measuring the total rise and 
the rate of rise of temperature of the tool (stationary tools only) 
have recently received considerable attention. The phenomenon 
may be employed to study the cutting ability of tools and _ tool 
steels and the cutting resistance of metals. More must be learned, 
however, of the relationship of the results of these tests to the 
actual behavior of the metals under practical operating conditions 
before their value will be generally accepted. 
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SOME COMMENTS ON SWEDISH STEEL PRACTICE 
By Benet KJERRMAN 


Abstract 


This paper is a resumé of the methods used in making 
Swedish tron and steel. A description of the locations 
and types of the more important tron ore deposits of 
Sweden, the fuels (chiefly charcoal), and the furnaces 
used in the production of Swedish pig iron, wrought iron 
and steels. Outlines are given of the Walloon and Lan- 
cashire processes for wrought iron, and of Bessemer, 
open-hearth, crucible and electric furnace practice in pro- 
ducing small tonnage, high quality, Swedish steels. 


es is a very ancient occupation in Sweden. Iron and 
l copper ores are especially accessible. In the 17th century, 
Sweden was the world’s largest producer of copper, and in the 
8th century, of steel. The enormously increased demand for met- 
als gave rise to new metallurgical processes, and led to the dis- 
covery of new and large supplies of ores in different parts of the 
world, so Sweden was unable to maintain this prominent position 
in the long ran. The most difficult change in the metallurgical 
processes, as far as Sweden was concerned, was the introduction 
if stone coal, as we eall it, in place of chareoal. Sweden is very 
poor in fossil fuel and thus it could not adopt the new methods 
as easily as many other countries. There is, as far as I know, 
only one place in Sweden where coke is used in the blast furnaces 
instead of charcoal; the wood fuel in the open-hearth furnaces has 
in most plants, however, been replaced by stone coal. In the pro- 
duction of the highest quality of steel there is even at the present 
time in Swedish plants no use of stone coal. So in some re- 
spects Sweden still keeps a place on the steel market, not as the 
largest producer but as the producer of steel with the highest 
properties. 

How long a period elapsed before the ancient Swedes learned 
to reduce iron out of ores is not known. The frequently occurring 
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heaps of slag and other remains of primitive smelting | 
fact, been very little investigated. Montelius, a Swedish 


‘Ve, In 
awrcheolo- 
gist, is inclined to the belief that this knowledge was acquired yooy 
after iron had come into general use. The date must according) 
be assigned to about the commencement of the Lron Ave. op ap 
proximately 2500 years ago. It seems certain that ancient meta! 
lurgy in Sweden was first directed to the production of iron, mak 
ing use of lake and bog ore as a raw product. The method 9 
smelting was extremely crude; it was carried out in a little pit 
in the ground, often formed into a kind of furnace by stones bp 
ing set up around it. Out of this primitive type of furnace wer 
then developed the Osmund ‘‘skallingar’’ and hearths of differen 
kinds and sizes. Osmund, that is, malleable iron’ produced direc 
ly, and also steel, were the sole products of the Swedish metal in 
dustry for centuries. Copper seems scarcely to have been man 
ufactured in Sweden before the Middle Ages, but at all events not 
later than the 13th century. Coal mining in Skane, our onily loca 
tion for fossil fuels, is mentioned for the first time in 1571. 

The most prominent inventions in the technique of mining 
and metallurgy made in Sweden are dynamite and the practical 
use of the Bessemer process. Also to be noted are the processes o! 
briquetting pulverized ore without the use of binding mediums, 
the Groéndal process, and two methods of producing spongy iron, 
Sieurin’s method, using inferior fossil fuel, worthless for any other 
use, and Wiberg’s method, which has a very high efficiency in re 
gard to the fuel. Recently a new process developed by Flodin 
is said to produce a malleable product ready to be rolled directly 
from ore. The first practical electric blast furnace originated in 
Sweden, as did several electric steel furnaces, among which Ren 
nerfeldt’s, Stalhane’s, and Kjellin’s are the best known. 


ORES 


Swedish ore deposits oecur principally within two separate 
districts; in the southerly part of the country in the district 
known as ‘‘Mellersta Sveriges Beryslager’’ (mining district of 
Central Sweden), and in its most northern region, Lapland. 

The first-named of these districts is situated between the 59th 
and 61st degrees of latitude and between the 14th and 1th de 


*Malleable iron’? used here and elsewhere in this paper obviously is not malleable ¢ 
iron, but a malleable or wrought iron produced from pig iron or directly from 
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vrees of east longitude from Greenwich, The area is about 5800 
square miles. The most prominent mines in this district are Dan 
nemora and Grangesberg. Outside the limits of this district there 
are only minor deposits in Southern and Central Sweden. The 
largest of these is the titaniferous iron ore deposit at Taberg. 

The Lapland ore deposits are mainly situated north of the 
Aretic Cirele, between the 67th and the 68th degrees of latitude 
and between the 19th and 22nd degrees of east longitude from 
Greenwich. The area is about 3100 square miles. The most prom- 
‘nent mines are Kirunavara and Gillivare, from which for some 
thirty-five years a considerable export of ore has taken place. 
\lost of the ore is now shipped from the Norwegian harbor Nar 
vik, to which is built an electric railroad driven from power gen- 
erated by the large hydroelectric plant in Porjus, near Kiru 
navara. 

All the iron ores referred to are rock-ores and consist of mag- 
netite or hematite or both, more or less intimately mixed with 
quartz, limestone or so-called ‘‘skarn’’ (gangue). The ‘‘skarn”’ 
consists of lime-magnesia-alumina-silicates; amphibole, pyroxene, 
vranite, chlorite and others. 

rom a practical metallurgical standpoint the Swedish iron 
ores are divided into three groups: ‘‘torrstenar’’ (quartz ores), 
ores requiring the addition of fluxing bases; ‘‘engaende malmer’”’ 
‘‘skarn’’ ores), ores which smelt in the blast furnace without any 
added flux; and ‘‘blandstenar’’ (limestone ores), rich in lime, 
used to make suitable charges by mixture with the quartz ores. 

Krom a mineralogical point of view the Swedish iron ores are 


‘ 


divided into two groups: ‘‘svartmalmer’’ (magnetic iron ores) ; 
and ‘‘blodstenar’’ (hematites). 

With regard to the different qualities of ores, the Swedish 
iron ores are divided as follows: ores low in phosphorus, less than 
).01 per cent, for high quality production by the acid Bessemer 
and Open-hearth processes; ores moderate in phosphorus, between 
).01 and 0.06 per cent, suitable for refining by the Lancashire 
process; and ores rich in phosphorus, more than 0.06 and up to 
over 3 per cent, available only for refining by basic processes. 

In the mining district of Central Sweden there oceur both 
magnetic iron ores and hematites; the latter are, as a rule, 


torrstenar,’’ whereas the magnetic iron ores are principally 
engaende’’ and ‘‘blandstenar.’’ In central Sweden the most of 
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the ores are low in phosphorus but one of the largest ipplies 
Grangesberg, has partly ores with about 1 per cent of phosphor 


In the Lapland fields, magnetic iron ore is dominating. 


| 
Lil houg) 


hematite also occurs in considerable quantities. ‘The ores ar 


re gen 
erally high in phosphorus, from 1 to 3 per cent and higher, jy; 
in several of the fields there also occur ores low in phosphorus 

The percentage of iron in the Swedish ores is, as a rule, rath, 
high, and this is especially the case with the Lapland ores. It has 
been estimated that the iron ores of Sweden contain on an aye 
age about 60 per cent of iron. By way of comparison it may 
interesting to note that the average iron content for the rest 9) 
Europe has been estimated at 36.7 per cent, and for the whoi 
world at 44.5 per cent. 

However, now in many places they use as a raw material ores 


} 
ve 


containing from 25 to 50 per cent iron and concentrate them | 
first pulverizing and then separating the ore grains from thy 
‘*skarn’’ grains, either by means of a magnetic method, by jig 
ging, or by a flotation process. The product, so-called ‘‘slig, 
contains iron generally from 60 to 71 per cent, and is in man) 
eases made into briquettes; in other cases, however, the ‘‘slig’ 
is burned and sintered directly, giving a product called ‘‘sinter,’ 
The briquettes are, naturally, also burned before they are used 
in the blast furnace. 

A computation of the supplies of ore in Sweden was made 
for the International Geological Congress at Stockholm in 1910) 
and gave for Central Sweden 122,300,000 tons and for Lapland 
1,158,000,000 tons. The titaniferous ore is estimated at 15,()00,(00) 
tons and imperfectly known deposits at 40,000,000 tons. The cor 
responding amount of iron in these ores is estimated at about 
845,000,000 tons. 


FUELS 


In the Swedish iron industry the following fuels are em 
ployed: wood (slabwood, twigs, stumps, sawdust), charcoal, coal, 
coke, and peat. 

Wood in various forms is used mainly as fuel in gas produe 
ers for reheating furnaces, open-hearth furnaces and other fur 
naces, often mixed with coal and peat. 

The making of pig iron in Sweden, as has been mentioned, 
is based on the use of charcoal in the blast furnaces, and this }s 


one 


ied 


ton 


Sphorus, 


1.) 
Lit hou) 


It has 
An ave} 
may he 
rest. 0} 


ie whol 


nal OPS 
them | 


rom 


**shig. 
in many 

‘*shg’’ 
sinter,’ 


ire used 


LS made 
in 1910 
Lapland 
» JOO OO 
The cor 


it, about 


em 


: eoal, 


produc 
her fur- 
ntioned, 


1 this is 


SWEDISH STEEL PRACTICE O89 


one of the reasons for the superior quality of the pig iron. Char- 
~oal is, moreover, used in the various processes for refining in 
hearths. The consumption of charcoal yearly is about 700,000 
tons. 

(he largest proportion of charcoal is still produced in heaps 
ut chareoal-burning in kilns seems to increase. A large amount 
of the chareoal is still transported to the steel works by means of 
horses and sleighs and ‘‘kolryssarna’’ are inseparably woven in 
the lovely picture of a Swedish winter day in “‘ Bergslagen,’’ when 
the horses, white with frost, make their bells ring as they pull the 
black coal on the white snow down from the woods, passing the 
small red houses on their way to the plant. 

The Swedish stone coals will not do for coking and they have 
not been used in the actual iron industry. On the other hand, 
since the end of the year 1909, they are used in the production of 
“spongy’’ iron at Hoéganis, in accordance with the Sieurin proc- 
ess. Coal with 35 per cent of ash is used there for the reduction 
of the iron ore concentrate, and coal with 50 per cent of ash for 
the generation of gas to heat the reducing furnace. About 100,000 
hectoliters of this inferior fuel are used for this purpose a year. 

Coke and peat are very little used in the actual steel indus- 
try. Many trials are being made to find a proper use for peat, 
of which Sweden has large supplies. The best method is to mix 
the peat with wood for use in gas generators for open-hearth 
furnaces. 


Pig Iron 


Pig iron was first manufactured in Sweden not later than 
the 15th century; the date cannot be determined more precisely. 
The manufacturing of pig iron gradually developed out of the proc 
ess called ‘‘blistersmide,’’ or blast forging, the product of which 
was wrought iron. When the furnaces for blast forging were in- 
creased in height over about 7 feet, and at the same time wood 
was replaced by charcoal as fuel, the reduction of the ore was 
more complete; a more carburetted and easily smelted iron was 
obtained. The iron produced was ‘‘tackjirn’’ (pig iron), and 
the furnaces which yielded this iron were designated ‘‘masugnar’’ 
blast furnaces). Out of the pig iron, malleable iron was made by 
remelting. This way to produce malleable iron with pig iron as 
intermediate product has since that time been the only one until 
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the last few years, when the attempt has been made to bac] 
to the direct production of malleable iron. 

The oldest. blast furnaces were from 20 to 23 feet in heighs 
The shaft, on the lower part, was surrounded by stone, on th 


upper part by sand, the sand being kept in place by im 


ils a] 
timber. This kind of blast furnace remained the Principal one 
until about 1830. At that time many important inventions wer, 
made. Hot blast came into use, the shaft was made of fire } 


instead of stone, and its lower part, the ‘‘stiille,’’ 


Ticks 
Was Yiven 4 
round shape and was made of stamped quartz, mixed with sone 
fireclay, this mixture being rammed in round wooden frames 
These ‘‘stallen,’’ with their covering of stamped quartz, stood 4 
creat deal of wear and tear, and thus allowed a longer }last 

However, the most important improvement then introduced 
was the calcining or roasting of the ores. The roasting process 
is intended to remove certain useless or injurious materials. as 
water, carbonic acid and sulphur from the ore. It is also sup 
posed to render the ore more porous and easily crushed, and to 
increase the degree of oxidation in certain ores, so that they may 
be more easily reduced in the blast furnace. Formerly the roast 
ing was carried out in open ‘‘roasting stalls,’’ so-called ‘‘rostbas.”’ 
These were then replaced by special furnaces, ‘‘rostugnar,’’ or 
roasting furnaces, which were heated with wood or with blast 
furnace gas. These furnaces were gradually improved more and 
more, until E. Westman, in 1850, introduced the type that. is still 
the only one used and which is regarded as chiefly responsible for 
the excellent quality of the Swedish iron. 

The older blast furnaces had only one tuyere, but afterwards 
their number was increased to two, three and, finally, four 
More than four could not be arranged in the furnace, as long as 
the shaft rested on bulky corner pillars of hewn stone. Hence, 
in 1870, the plan began to be adopted of erecting the upper shaft 
on iron supports (bérdjairn) resting on cast iron columns or tres 
tles, as had long been the practice in coke blast furnaces abroad 
Now the number of tuyeres was increased to six as the most. 
The height of a modern blast furnace for charcoal is from 52 to 
60 feet. The diameter at the base is about 6 feet, in the widest 
part about 10 feet, and in the upper part 7 feet. The height from 
the bottom to the tuyeres is about 2614 inches and to the cylindric 


part 12 feet. This part itself is of about the same height, 12 feet. 


Lanea 
\\ allow 


Open! 
Open! 


Castil 


nar 
Sta 


fur 


Lol 
ot 


\pril 
back 


lelght 
th the 
Ins «| 
ul One 
Were 
bricks 
ven a 
soTne 
PUMneS 
ood 4 
| 
duced 


TOCANS 


) SUP 
nd to 
) lay 
roast 
bas,’ 
OF 
blast 
e and 
is still 
le for 


wards 
four 
ney as 
fence, 
shaft 
* tres 
broad 
most, 
v2 to 
widest 
from 
indrie 
feet, 


SWEDISH STEEL PRACTICE 501 
Some typical analyses of Swedish pig iron are given below: 


Carbon Silicon Manganese Phosphorus Sulphur 
jig iron per cent per cent per oent per cent per cent 


3 
3.3 
; 


0.,15-0.380 0 O.% O15 0 0.005.010 
0O.,10-0.%5 0.2 0 OLl0o—0 0.010.080 
‘cid Bessemet Oo 8 1. mat oe Oorvun 0 Trace O10 

rth, acid .... 4.0 0.15-0,80 0.4 —1.! 016-0 0.01L0-,020 


g i 
Lat { 
\ 
4.i 
basic a 4.3 0.3 -0.7 0O.4 O.4 08 -4) 0,010-.049 
‘ 4.3 
3 
a] 


jus! 
Wallootr 

Wall a” 
Open he 
Open he irth, 
Crucible 
Casting 


Pig iron for export 


0.08-0.85 0.04-0.5 O10-0, 0.,0006.01L0 
1.5 1.5 O.b Sal Ovbv”, 0,007,012 
0.3 1 8.0 “4 OLR-O 0.010.020 


In 1907, the first electric blast furnace was built at Dom 
narvet. The constructors were A, Gronwall, A. Lindblad, and 0, 
Stalhane. The results were promising and because of that the 
furnace at. Trollhattan was started in 1910 and was supported by 
“Jornkontoret,’’ the Corporation of Lronmasters. The construe 
tion was, however, made by the same men as before, and the Type 
of furnace is called Aktiebolaget Klektrometall’s. 

The furnace consists of two parts, the smelting chamber and 
the shaft, both of which are surrounded with stout plate jackets 
aud lined with chamotte bricks. The shaft is suspended from 
strong iron beams which are carried by the walls of the furnace 
house. The total height of the furnace from the bottom of the 
smelting chamber to the upper floor is about 42 feet, the greatest 
interior diameter of the shaft is about 7 feet and the greatest in 
terior diameter of the smelting chamber about 13 feet. The 
height of the smelting chamber is about 614 feet. The whole 
capacity of the furnace is about 1430 cubie feet. Down through 
the vault of the smelting chamber are passed 4 carbon electrodes 
about 2 feet in diameter, forming an angle of 65 degrees with the 
horizontal. The current, three-phase, 10,000 volts, 25 cycles, is 
transformed by two transformers, each of 1100 kilovolt-amperes, 
to two-phase with a tension of from 50 to 90 volts. 

With the aid of a fan, gas is sucked from the upper part of 
the shaft and forced through four nozzles into the smelting cham 
her. The object of this gas circulation is partly to cool the vault 
and thereby protect it from deterioration, and partly to convey 
heat from the smelting chamber up into the shaft, in order thus 
to aid the preheating of the metal and the reduction of the ore 
with carbon monoxide. 

The experiments were carried out from 1910 to 1912. On an 


average for the whole period 23.14 heetoliters of charcoal were 
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consumed per ton of iron, and 3.84 tons of iron were prodyees 
per kilowatt-year, corresponding to 2280 kilowatt-hours per to, 
of iron. The consumption of electrodes was about 4.5 kilograms 
per ton of iron. The saving of charcoal in electric blast furnaen 


on the basis of these experiments amounted to from 55 to | 
cent of the consumption in ordinary blast furnaces. 

The experiments showed that electric smelting to prodycc 
pig iron was possible in a practical and economical manner ay) 
now we have several of the same kind of furnaces in use jn +) 
works of Hagfors and Sdéderfors. 


».) per 
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The most ancient method of preparing a malleable product 
from pig iron was that known as ‘‘tysksmide,’’ or ‘‘German fory 
ing,’’ which was introduced into Sweden at the beginning of th 
17th century. This kind of forging was performed in an open 
hearth composed of coarse cast iron slabs, in which the pig iro 
was melted down with charcoal. After the smelting it was broke 
up from the bottom of the hearth with heavy iron bars (puddled), 
in order to be remelted, and this operation was sometimes repeat 
edly performed. The silicon and the carbon in the pig iron was 
oxidized in the smelting, and a lump (‘‘smalta’’) of soft slaggy 
iron was obtained. The latter was belabored with a heavy ham 
mer, and afterward cut up into smaller pieces, called ‘‘smilt 
stycken’’ or ‘‘blooms.’’ 

German hearth’’ (‘‘tyskhard’’) 2 to 3 tons of bar iron 
were produced per week with a consumption of more than 20) 


6 


Ina 


hectoliters of charcoal per ton. The waste was 18 per cent. 

An improved process was introduced in 1740 from France 
into the Dannemora mining district, under the name of Walloo 
forging. This process is still in practice. The Walloon hearth 
is, like the German hearth, open but considerably smaller. 

In this process is employed pig iron made with cold-blast 
The pig iron is cast in sand in pigs (‘‘goésar’’), having a sem! 
circular cross-section about 15 feet long, and weighing from 15\) 
to 2200 pounds. The pigs are pushed from behind into the hearth, 
up to the tuyere, and are there covered with charcoal. After the 
melting, the metal is broken up in the usual manner. ‘The smal! 
lumps are cut up into blooms, which are welded and then ham 
mered out. 
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u this process the phosphorus and sulphur contained in the 
ron is removed to a remarkable extent. Walloon iron is used 
only for the preparation of blister steel, which is then melted in 
crucibles. 

(he consumption of fuel is about 150 heetoliters of charcoal 
ner ton of bar iron. About 1.5 tons of bar iron a day is the output 
per hearth, the waste (‘‘avbranning’’), being about 25 per cent. 
This iron is, therefore, very expensive to make. 

In the twenties of the 19th century, a very important im 
provement was made in the construction of the forging hearths. 
Instead of the open hearth used before, the actual smelting cham 
hoy was surrounded with cast iron slabs, and furnished with a fire 
brick arch as a roof, so that the hearth was closed, and provided 
with only one working opening. The bottom of the hearth was 
kept cool by a tank of water placed under it, and finally there was 
arranged behind the hearth a heating chamber for the pig iron. 
In that chamber the iron was preheated to redness with the com 
bustion gases proceeding from the hearth, before it was pushed 
down in the hearth to be smelted. These arrangements effected 
a great saving in fuel and time as compared with the German and 
the Walloon processes. It started in England and was brought 
over to Sweden in 1831. This process was called Lancashire forge 
ing and is still used in many places in Sweden. 

Kach charge consists of about 320 pounds of iron in flat pigs, 
previously heated in the heating chamber. 'These pigs are raked 
down into the hearth, which is filled with chareoal, the blast is 
turned on, and the smelting begins. The furnace has usually 
two tuyeres. As the charcoal burns away on the top of the pig 
iron more is thrown on. From time to time a little water is 
sprinkled on the coals with a dipper, in order to relieve the work 
man from the intense heat, and also to prevent the carbon monox- 
ide from burning away before it enters the preheating chamber. 
The charcoal employed has previously been washed free from sand 
and dirt. This obviously renders the charcoal moist, but is aetu 
ally an advantage for the process. 

When all the iron has been smelted and collected on a bed 
ding of hearth slag previously spread on the bottom of the hearth, 
the breaking up process (puddling) begins. This work is per- 
formed in the manner indicated with respect to the German proc- 
ess—though nowadays, as a rule, with the aid of the Lagerwall 
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machine—and goes on until the carbon, manganese, anc silicon 
contained in the pig iron have been reduced to a minimum. and 
lumps of soft iron, called ‘‘firskor,’’ have thus been obtained 
These are finally melted and welded together into a larger bal] 


called ‘‘smialta,’’ which is removed from the hearth, and under 
the blows of a large hammer, called ‘“‘smalthammare’’ or ‘mp. 
blingshammare’’ (shingling hammer), is first pounded out and 
cut clean from burned parts and so, finally, cut into smaller pieces, 
There is a special man who cuts away the bad parts of the ball. 
and since the smiths are paid on the weight of good iron, you wil] 
understand me when I state that this man is the strongest one in 
the plant. If the product is immediately rolled out, it is called 
‘‘raskenor,’’ or rough bars. But, if a superior, that is, a more 
slag free iron is to be made, the material has to be welded in 4 
heating furnace and is, thereupon, hammered into bar iron under 
a small hammer (‘‘rackhammare’’), or rolled. 

The usual consumption per ton of blooms is from 25 to 35 
hectoliters of charcoal and from 1100 to 1150 kilograms of piy 
iron. The output per hearth with two tuyeres is, as a rule, 15 or 
16 tons of blooms per week. 


BESSEMER STEEL 


The first successful Bessemer charge was earried out in 
Edsken by G. F. Goéransson, who had bought Bessemer’s Swedish 
patents. The start was made with acid Bessemer and this branch 
of the method is the one that still, with only a few exceptions, is 
used in Sweden. The method is deemed particularly well adapted 
for Sweden, with her pure ores and her abundance of water power 
for driving the blowing engines. 

The Bessemer process is much more expensive than the open- 
hearth process, mostly because of the necessity of using a high 


grade of pig iron with large amounts of silicon and manganese. 
In the acid Bessemer the amount of phosphorus, as well known, 
is not reduced; on the contrary, you will find a slight increase 
due to the waste of metal, and thus you have to use a pig iron low 
in phosphorus. Anyhow you will find many customers that are 
willing to pay the price, and what is specially interesting to note, 
is that they are coming back after the World War in spite of 
being forced to use other materials during all this time. It, 
therefore, really seems to be a question of special good quality 
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when they have not been able to find a sufficiently good material 
‘1 their own countries, even when the need resulted in them putting 
forth effort in this direction. 

in the last few years, acid Bessemer steel has a new use. It 
is used as raw material for electric induction furnaces and is 
poured into these directly from the Bessemer converter. The elec- 
trie furnace is used partly as a degasifier, partly for making the 
additions of alloys or for correcting the carbon content. No actual 
decarburization is, however, done. In most cases, the Bessemer 
steels are made with a lower carbon content than desired and 
afterwards raised by additions of pig iron (cold) in the electric 
ea OPEN-HEARTH STEEL 

The open-hearth process was introduced into Sweden in 1868, 
only two years after the two brothers, P. and E. Martin, had sue- 
ceeded in making their first steel at Sireuil, in France. This proce- 
ess is now the one most used in Sweden. The furnaces are in 
general not large. The limits are 8 to 25 tons, and I do not know 
of an acid furnace larger than 15 tons. ; 

We regard as the best open-hearth steel that which is made 
in an acid furnace, using much pig iron, up to more than 70 per 
cent in weight, little scrap and thus, comparatively, much ore, 
up to 30 per cent in weight of the finished steel. It is further 
supposed to increase the quality if the silicon necessary for the 
steel is ‘‘boiled in’’ from the lining, instead of being put in the 
bath or in the ladle as ferrosilicon. The steel used for the blades 
of one of the best known American safety razors is all made in 
that manner in a small eight-ton furnace in Munkfors. In the 
same furnace Laneashire blooms are used for scrap, so you may 
have the right to expect a good quality of the final steel. 

Most of our alloy steel is made in acid furnaces but a great 
deal of the chromium steel is made in basic furnaces. In basic 
steel, silicon is often introduced in the ladle as the steel is poured, 
so that it is impossible to tell from an analysis if the steel is made 
in a basic or acid furnace. 


CRUCIBLE STEEL 
We have two quite different kinds of crucible steei. The most 


common is made from blister steel, remelted and degasified in the 
crucible. 


The other kind is made from pig iron, scrap, charcoal 
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and ore. It seems peculiar to mix in the same crucible 
ore and pig iron. The real scientific explanation is not ye 
but some people suppose that the function of the chareoal jg ; 
take care of the gases in the melted pig iron. This kind of yo, 
is only made at Wikmanshyttan and is called CRU, after Ch, 
tian Reinhold Ulf, the man who brought the process over to Sy, 
den from Austria. Both kinds of crucible steel are frequent) 
alloyed, and especially the high speed steels from Oesterby, Sider. 
fors, and Wikmanshyttan are very well known. 


ELECTRIC STEEL 


Both electrode and induction furnaces are used, as meutiona) 
before, also in co-operation with Bessemer furnaces. Most of tly 
electric furnaces in Sweden are used to produce high grade carbo 
or alloy steel, the quality obtained being very often supposed to 
be as high as in the crucible steel. 


CONCLUSION 


I have tried to give you a little idea of Swedish steel practic 
[If too much emphasis has been laid on the quality of Swedish steel, 
it is because quality is the ideal for which the Swedish metallurgica 
industry is striving, and which we believe we attain by means o! 
relatively small scale operation and by attention to details. Qual 
ity is hard to define, unless it is that which the customer will pay 
a higher price to obtain. 

It is admittedly intangible, as intangible as the courtes) 
American metallurgists have shown me during my stay in your 
eountry. If my comments on the quality of Swedish steel sound 
like over-statements to you, the comments I shall make in Swede 
about my cordial reception in America may sound like over 
statements to my countrymen, but in both cases the comments 
reflect conditions as I see them. 
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TUNGSTEN STEELS 
By A. H. Kinassury 


Abstract 


The subject of tungsten steels used for cutting tools 
is discussed in this paper. The author describes brieflu 
the characteristics and application of the different steels 
containing varying percentages of the element tungsten. 

At the present time most all of the tungsten steels 
contain some chromium; however, this paper deals only 
with those steels in which the chromium content aids i 
the solution of tungsten carbide in these steels. 

Due to the sluggishness with which tungsten car 
bide goes into solution vt is necessary to elevate the 
quenching temperature of a steel as the tungsten con- 
tent is increased. 

The tungsten steels are sensitive to prolonged soak- 
ing at or near their proper quenching temperature, due 
to rapid grain growth. Preheating, followed by a rapid 
heating to the quenching temperature, is good practice. 


Cee ee imparted to steel by the addition of the 
element tungsten apparently do not include those which 
make alloy steels suitable for structural purposes. This feature 
might seem rather peculiar, in view of the fact that certain addi- 
tions of tungsten are known to increase both the elastic limit and 
the ultimate strength. Actual experience with many binary, ter- 
nary, and quatenary alloys of tungsten have shown them to 
have considerably lower fatigue values and elastic ratio (elastic 


limit to tensile strength) than similar non-tungsten alloys. This, 
in addition to the increased cost of tungsten, bars such steels from 
application for structural use. 


At the present time tungsten as an alloying element with 
iron is generally confined to tool metal cutting saws and perma- 
nent magnet steels. 

It appears that comparatively little is known of the charac- 
teristics of tungsten alloy steels, if one is to judge by the publica- 
tions on the subject. Probably this lack of information has pre- 


A paper presented before the New York Chapter of the Society by the 
author, A, H. Kingsbury, Atha Works, Crucible Steel Company of America. 
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April 


vented the wider application of tungsten tool steel, wit; what 
would appear to be decided economy for many operations. Thi 
statement calls for some confirmation, and it appears that thi 
may best be accomplished by considering some of the known chap. 
acteristics of such steels, rather than by a recital of known per. 
formances on many kinds of tools. 

There are several groups or types of tungsten steels. varying 
in their respective tungsten content, and having varying proper. 
ties. These may be classified as follows: 


Low Tungsten, containing 1 to 1% per cent of the alloy. 
Fast Finishing, containing 244 to 4 per cent of the alloy. 
One or two brands containing as high as 7 per cent of the alloy, 
Permanent magnet, containing about 5 per cent of the alloy. 


Practically all these types contain chromium of from 0). 
to 0.50 per cent and, in some eases, about 0.20 of vanadium. 
Additions of as low as 0.30 per cent chromium to a simple carbon 
base changes its characteristics only slightly; with additions as 
high as 0.50 per cent, the characteristics are changed somewhat. 
but such a combination makes cutting tools inferior to plain car 
bon steel, with the possible exception of twist drills, when the 
slight addition of chromium provides increased torsional streneth, 
There is little reason to doubt that additions of chromium to 
tungsten steels improve their cutting powers as well as thei! 
stability in heat treatments. This is explainable by the fact that 
chromium assists in the solution of the sluggish tungsten carbide. 

When the chromium exceeds about 0.75 per cent, the tungsten 
steel base to which it is added is subject to a considerable change 
in its properties, the magnitude of which depends upon the com 
bination. In the group of chromium-tungsten alloys are found 
the pneumatic or battering tool steel, the semi hot-work, hot-work 
and high speed steels. However, this paper will deal with these 
latter steels only in a superficial way. 

Characteristic fractures and structures of tungsten steels, 
both in the annealed and in the hardened condition, show the 
refining influence of this element when added to a simple carbon 
base. The refinement of the fracture and structure progresses 
with the increase of alloy, the steels running from 3 to 7 per cent 
tungsten probably displaying the finest fractures of any steel, 
carbon or alloy. The action of tungsten additions in amounts over 
0.50 per cent in preventing the formation of lamellar pearlite, 
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as well as resisting coagulation of the pro-eutectoid cementite 
‘nto the network formation, is probably one of the best reasons 
why such steels make superior cutting tools. True, lamellar 
nearlite and cementite network can occur in the tungsten alloy 
eel and do so when the conditions which result in such forma- 
‘ion in simple carbon steels are present to an aggravated state. 
When these formations are present, their eradication in the alloy 
steel is much more difficult than is the case with the binary steel. 
That refinement of fracture and structure is essential to superiori- 
ty in a cutting tool, is a statement which the toolmaker knows to 
‘s a fact. One frequently hears the remark that fine-grained 
steels are harder than those of coarser texture. This seems to be 
horne out by the extreme difficulty in grinding the very fine- 
vrained, fast-finishing steels, also the fact that tungsten steel tools 
will eut for longer periods of time than carbon and other alloy 
tool steels and will machine materials too hard for even high speed 
steels. 

On the other hand, all known quantitative hardness tests 
indicate that these steels are not any harder, and in some cases 
not so hard, as simple carbon steels and some other alloy steels. 
These apparent contradictions are probably explainable by the 
fact that the Brinell, scleroscope, Rockwell and file tests do not 
measure that variety of hardness best described as cutting hard- 
ness, or the durability of a cutting tool. Speculation as to what 
factors in the tool steel itself determine durability would seem 
to allow of the following hypothesis: 





Kirst—It must have a certain degree of hardness, de- 
pendent on the nature of the work it has to accomplish. 

Second—tThe ability to retain this hardness at more or 
less elevated temperatures, for heat is generated in all cutting 
operations. 

Third—And probably the most important property of 
the three in determining the cutting durability of a tool— 
its ability to resist the breaking or tearing away of minute 
particles from the extreme cutting edge. Toughness is hardly 
the correct appellation, as some steels, weak in the aggregate, 
make the best cutting tools. A possible designation for this 
third property is ‘‘cohesive strength.’’ 


Thus it can be seen these three factors are inter-dependent. 
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Their functions may be illustrated by comparison on the oe), } 
° ‘8 . . ° ’ QOTT) 
of additions of chromium, nickel and tungsten to a earbon « 


base. 

Considering first, chromium—its addition, in certain propor 
tions, to a carbon-iron base, is known to result in increased hard 
ness. It is also known to increase ‘‘red hardness’’ or resistayoo 
to softening under the action of heat. This effect, starting wy) 
about 1 per cent chromium, increases as the addition of chromiy 
is increased. Chromium also results in structural refinement + 
as great an extent as low-tungsten additions (1 to 184 per cen 
it increases the ultimate and fiber strength to a considerable 
tent. Yet ternary steels of the chromium type make inferior ey 
ting tools as compared with carbon steels and they, in turn. ay 
inferior on many classes of cutting tools to the tungsten types 

Nickel added to a carbon base results in at least equivalent 
hardness to carbon tool steel; it likewise permits greater stru 
tural and grain refinement. Additions of nickel greatly increase 
the ultimate and fiber strength of the steel to which it is added 
Kxperience, however, has shown that nickel in tool steel makes 
inferior metal cutting tools. 


wo Megs casas 


In the case of chromium steels, we have an illustration o| 
type which apparently fulfills the first and second condition, and 
in addition has a high strength in the aggregate. If, then, we ar 


willing to accept the three factors affecting durability as correct 


ee ee 


it is only logical to concede that chromium steels are deficient in 
‘‘cohesive strength.’’ 

Nickel is known to lower the breaking down or softenin 
point of high carbon steels. Types of tools for which nickel tool 
steel is used indicate that it has great ‘‘cohesive strength.” It 
unsuitability for metal cutting tools is conceived to be due to |! 
deficiency in the second factor. 


ee 


oS a 


On the basis of the author’s experience and his search [0 
published information on the subject of tungsten steels, lie | 
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convinced that this element does not increase to any appreciable 
extent the red hardness of the steel, notwithstanding the more 0! 
less popular opinion of its function in high speed steels to th 
contrary. Why, then, have tungsten tool steels greater durabilil) 
than carbon tool steels? It cannot be due to their increased 
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4 hardness, for the Brinell, scleroscope and Rockwell indicate them 
j to be very slightly, if any, harder than carbon steels. The ques 
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-also in order as to why the tungsten steels will operate at 
what higher speeds than the non-tungsten combinations, if 
‘heir red hardness is no greater? By the same course of reason 
nr as for the chromium and nickel combinations, it seems only 
cient to eonelude that tungsten, added in certain proportions, 
vets to greatly inerease ‘‘cohesive strength.’’ This, in combina 
fion with the refinement of structure, permits the retention of a 
keener edge and thereby reduces the heat due to frietion, conse 
quently permitting somewhat higher cutting speeds. 
o> harden steel from the lowest possible temperature is’ an 
excellent rule to follow. Why, then, is it necessary to quench the 
| to 184 per cent tungsten steel from a temperature 100 to 150 
degrees Fahr., 3 per cent tungsten, 200 to 3800 degrees Fahr., and 
high speed steels, 700 to SOO degrees above their apparent A, 
transformations, when carbon steels are best hardened at about 
i) degrees above their A, points? While no apparent proof is to 
be had, the following seems consistent with the observed phenomena : 
Critical transformations observed in tungsten steels are the 
temperature at which the iron carbide (cementite) goes into solu 
tion. ‘These temperatures are only slightly elevated above those for 
simple carbon steels of equivalent carbon content. The solution of 
the cementite allows the steel to harden, but in tungsten steels, if 
the temperature has not been sufficiently elevated to permit at least 
partial solution of the sluggish tungsten carbide, proper 
equilibrium is not attained and abnormalities result. In the case 
of the higher tungsten steels, about 3 per cent or over, the harden 
ing temperature is about the same or slightly above A,,, for the 


carbon content. Thus with these alloys we are able to dissolve 


most, if not all, of the free pro-eutectoid cementite (practically 


all metal cutting tool steels are hyper-eutectoid). 

This characteristic would seem to be a decided advantage 
when it is borne in mind that in the case of carbon tool steels the 
brittle pro-eutectoid cementite cannot be taken into solution with 
out overheating, thus causing weakness from coarse structure. 
Unfortunately, the fineness of structure in the hardened fracture 
of tungsten steels in the semihardened or underhardened condi 
tion does not allow its detection, as is the case with carbon and 
some other alloy steels. Hardness tests are likewise misleading 
except in very exaggerated cases. 


Underhardening, as it is known, results in structural weak 
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ness, which is particularly true in the case of alloy steels. Thi 
practice also is responsible for other abnormalities. Mistake, 
ideas as to their heat treatment are, doubtless, another reason why 
tungsten steels are not at present applied to the extent that their 
characteristics seem to warrant. 

Quenching temperature is increased with the proportion of 
tungsten in the steel, and while time assumes some importance. 
in that it must be sufficient to insure uniformity, soaking beyon 
a certain temperature causes rapid grain growth. Thus the prac. 
tice of thoroughly preheating tools, made from these steels. 
about 1400 to 1450 degrees Fahr., followed by a rapid heating to the 
quenching temperature, is a wise and safe method. On the basis 
of his personal experience the author unhesitatingly recommends 
brine or water at least for the steels made by the company with 
which he is associated. 

Tungsten, alone, does not appreciably increase the penetra. 
tion of hardness. However, the chromium which is generall; 
present in the tungsten tool steel types does increase the depth 
of hardness. This feature, in addition to the great cohesive 
strength of the tungsten alloys, makes certain types particular 
suited for punches, dies, shear blades and tools for similar oper. 
ations. 

Reduction of distortion, size change, warping and allied con- 
ditions are of essential interest to the maker of tools, as evidenced 
by the steadily increasing demand for the oil hardening, nonde- 
forming type of steel. Generally speaking, these oil hardening 
types, when applied to cutting tools, are instances where retention 
of form and size assumes much greater proportion than cutting 
durability. Long experience has shown the low-tungsten types 
of water-hardening steels to closely approach the nondeforming 
types in their tendency to retain form and size, that is, providing 
the steel is carefully made and given correct heat treatment. This 
characteristic is a valuable one, as the steel is capable of increased 
eutting durability, along with much less deformation than is 
possible with the simple carbon tool steel. 


SUMMARY 


There are several groups or types of tungsten steels, whose 
properties vary to a considerable extent, depending upon the pro- 


portion of alloy present. Those containing 1 to 134 per cent 0! 
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alloy are quite generally applicable to tools, including dies, 
punches, ete. Those containing 214, to 7 per cent of alloy are 
cyited to cutting tools particularly when a very fine finish is de- 
sired, or extremely hard material is to be machined. With the 
exception of permanent magnet steel, containing about 5 per cent 
tungsten, other steels containing tungsten are alloys of one or more 
elements, such as chromium, vanadium, cobalt, ete., in effective 
proportions. 

At the present time practically all tungsten steels contain 
some chromium, but in this discussion those steels in which the 
chromium functions as aid to the solution of tungsten carbide are 
the only group dealt with. 

The function of tungsten in the steels considered is to increase 
the cohesive strength and refine the structure over that of carbon 
tool steels, thus permitting increased cutting durability and Some- 
what increased speeds. While their initial cost is somewhat higher 
than high-grade carbon tool steels, the slight difference is many 
times offset by the increased durability obtained from substituting 
the alloy for simple carbon steel tools. 

The sluggishness with which tungsten carbide goes into solu- 
tion necessitates elevating the quenching temperature as the tung- 
sten is increased. The observed transformations in this group of 
steels cannot be used as a guide to quenching temperature, as is 
the case with carbon tool steels. 

When the tungsten content exceeds a certain amount, the 
hardening temperature is raised above the solution point of pro- 
eutectoid cementite. As this constituent is brittle and cannot be 
dissolved in hyper-eutectoid carbon steels without rendering them 
unfit for tools, it would seem that this feature is distinctly favor- 
able toward increased cutting durability in the case of the tung- 
sten steel. 

These steels are sensitive to prolonged soaking at or near 
their proper quenching temperatures, due to rapid growth of grain 
with time. Preheating, followed by a somewhat rapid heating to 
the quenching temperature, is good practice. 
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INTERPRETATION OF NOTCHED BAR IMPACT 
TEST RESULTS 


By Paut HrYMANS 
Abstract 


This paper presents some of the author’s work which 
has been done in the investigation of notched-bar impact 
tests. These vestigations have been made by means of 
the photoelastic method of stress distribution arownd 
notches used in impact tests. The shape and dimensions 
of the notches were analyzed under uniform static lon« 
tudinal pull and below the elastic limit. 

The author states that the nature of the local fail 
ure at the point of maximum stress and its propagation 
will depend upon the general distribution and also upon 
the elastic properties of the material. If the material 
is ductile, a localized excessive stress may only result in 
local yielding, although if the material is not sufficiently 
ductile it may give rise to a crack. 


T is at present generally accepted’ that the resistance to impact 

of structural materials is to be expressed by dividing the im 
pact energy required for fracturing the test specimen by its ef 
fective cross-sectional area. 

Dr. Moser? attributes the contradictory results obtained by 
this procedure for different tests on the same material, entirely 
to the properties of the material called into play in a test of this 
nature. The object of the present paper is to call attention to 
another aspect of the problem which, in the writer’s opinion, 
must have a part in accounting for some of the discrepancies 
observed. 

Any structure, structural member, or test specimen will be 
no stronger than its weakest point, and its failure will depend 
upon the state of stress at the most highly stressed point, and to 
some extent upon the stress distribution throughout the weakest 
section. 

The causes of failure for all structural materials does not 


4§ymposium on Impact Testing of Materials, held at the 25th annual meeting of th 
American Society for Testing Materials. 


"Max Moser. A New Method of Interpreting Notched-Bar Impact Test Results. Trays 
actions of American Society for Steel Treating, Vol. VII, 3, March, 1925. 

A paper presented by T. H. Frost before the Cleveland Convention 0! 
the Society, September, 1925. The author, Paul Heymans, is assistan 
professor of physics, Massachusetts Institute of Technology, Cambridg 
Massachusetts. 
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com to be unique. As is well known, Lamé attributed failure to 
che maximum normal stress, or to the maximum principal stress," 
Coulomb and Tresea assign failure to the greatest difference of 


Fig. 1—Graphs Showing the Shape and Dimen 
sions of the Specimens which were Fovestignted in 
this Research. 
the principal stresses, i. e., to shear; Poncelet and de St. Venant 
advocate the limitation of the maximum deformation or the cor- 


responding fictitious stress which is obtained when multiplying 


Th 
ne 


t} 


principal stresses at any point of a stressed body are stresses across the planes 
stress is purely normal: in the more general cases, there are three such principal 
t each point of the stressed body; in the cases of plane stress the principal stresses 
| points reduced to w 
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the maximum deformation by Young’s modulus of elasticity, J, 
all those modes of rupture, failure will depend on the directions 
and magnitudes of the principal stresses, defining the stress d 


Is. 





| 
| 


Fig. 2—Graphs Showing the Values of the Stresses Along the Boundaries of Differ 
ent Types of Notches, for a Mean Longitudinal Pull Across XX of 1000 Pounds per 
Square Inch. 


tribution. It is, therefore, indispensable that this stress distribu. 
tion be known and be taken into consideration in an attempt 
understand the behavior of the different test specimens, be it un- 
der static, transient dynamic, or maintained dynamic loading. 
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r that purpose and in order to collaborate with Dr. Moser’s 
ae work, we present below some of our investigations* 
hy means of the photoelastic method of the stress distribution 
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Fig. 8—Graphs Showing the Values of 
the Two Principal Stresses P and Q for the 
Notches C, D and E as Shown in Fig. 1. 


around notches used in impact tests. The shape and dimensions 
of the specimens which were investigated are given in Fig. 1. In 
these analyses the stress distribution was analyzed under uni- 
form statie longitudinal pull and below the elastic limit. 


__ 


‘See also: Paul Heymans; Photoelasticity and Its Applications to Engineering Problems. 
Technical Engineering News, May, 1922. (Reprints available on application to the author.) 
La Détermination par la Photo- Elasticimétrie des surtensions dues a certaines discon- 
Unuités internes et a certaines variations de profil extérieur dans les piéces sous tension. 
Mém. Académie Royale de Belgique, Classe des Sciences, Ser. II, Vol. 6, 1921. 
. G. Coker and Paul Heymans; Stress Concentrations due to Notches and Like Dis- 
continuities, British Assoc. Report, 1921, 
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The values of the stresses along the boundaries of the not hes 
for a mean longitudinal pull across XX (Fig. 1) of 1000 pouna 
per square inch, are given in Fig. 2, where the stress at egg 
point, tangent to the boundary at that point, has been plotta 
in magnitude in a direction normal to the boundary. 


In the transverse sections XX, as is well known, there a), 





Oo aaes 125 oe s% 257 — aony 


Fig. 4—Graph Showing the Ratio of the Mean Applied Tensional 
Stress Pm to the Values of the Radius of Curvature at the Bottom of th 
V-groove Expressed in Millimeters. The Total Depth of the Groove is 10 
Millimeters. 


two principal stresses p and q, respectively parallel and perpen 
dicular to the longitudinal axis of the specimen. ‘The values of 
those two principal stresses p and q for the notches C, D and i 
(Fig. 1) are plotted in Fig. 3. It is found as a means of verifica 
tion that by integrating the values of p over the entire section 
XX, and dividing it by the cross-sectional area, the mean value 
1000 pounds per square inch of applied tensional stress is in 
deed obtained. 

If for the V-shaped notch C, the radius of the fillet at the bo‘ 
tom of the groove is varied, the total depth and the angle of aper 
ture being kept the same, the maximum stress at the points \ 
(Fig. 1) varies. Its values expressed as ratios to the mean ap 
plied tensional stress p, are shown plotted in Fig. 4 against th 
ralues of the radius of curvature at the bottom of the groove 
expressed in millimeters, the total depth of the groove being 1" 
millimeters. 

It is immediately seen that the stress distribution as a whole, 
and also the maximum stress and the ratio of the maximum stress 


Hou 
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in stress, vary widely with the different types of notches. 


variations will exist when specimens representing those 


s are put under bending, as they are in the Charpy impact 


[t is true that the relative values of the stresses, as ob 


rained below the elastie limit, will be somewhat modified when the 


lastic limit is exceeded, but the stress distribution will be quali 


tively maintained and failure will start at the point of maxi 


. 


a 
yerpel Fig. 5—This Illustration is a Copy of a Colored Photograph 
I tides the Bands of Varying Shade Correspond to the Isochromatie Lines 
ralues of Observed in the Photoelastic Analysis and Indicates the Concentra 
, : tion of Stress Existing at the End of the Crack 
) and E ' , , 
a num stress and depend upon the value of this maximum stress 
verinea ‘ ge : 
low the elastic limit and not upon the value of the mean stress 
» section . 
7 ir any such expressions. 
an Vaile _ > » e ° . ° 
(he nature of the local failure at the point of maximum 
SS IS i ° . ’ 
stress and its propagation, hence the complete rupture of the 
bat specimen, will depend upon the general distribution and also up 
the doi ° . . : 7 ‘ ‘ 
i the elastic properties of the material, and here is the link, in 
Ot aper ° ° er . ° . ‘ 
. x the writer’s opinion, between Dr. Moser’s investigation and the 
OINTS . 
present work. 
nean ap eas ' 
= lf the material is ductile, a localized excessive stress may only 
ainst th result in loeal vjeldi . ; ; rN Se . 
result in loeal yielding; it may, however, give rise, and it usually 
e oToove = ‘a ° ° : ye : ' 
a eae l, if the material is not sufficiently ductile, to a erack. As 
eing 1) ; : 
is well known, at the extremity of a crack there usually exists 


hol ‘ concentration of very high stresses, causing the failure to spread 
a whole, : : af a : 
even under a very low mean stress. Fig. 5 illustrates the high 


im stress as one » 
stresses existing at the end of such a erack. 
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It is our belief that the present information should he com. 
pleted by further study of the stress distribution in conditions 
which would better represent the conditions of the impact tests 
The results which would then be obtained would probably alloy 
more definite correlation of the two factors—the stress distri}y. 
tion and the properties of the material called into play—whic) 
influence the rupture of an impact test specimen, thereby paving 
the way to better understanding and use of such tests. 


Written Discussion:—By T. McLean Jasper, associate profes: 
gineering materials, University of Illinois, Urbana, Illinois. 

I have read with considerable interest the paper written by Profes 
Heymans on the interpretation of notched bar impact test results. 

While I think that the photoelastic method of stress analysis appropriat 
in the ease of static stress distribution, and appreciate the work done j, 
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Fig. 1—Charpy Impact and Elastic Limit Results on 48 Different Steels. 


Dr. Heymans, Professor Coker and others, I think that this method canaol 
be used to interpret test results on materials when dynamic loads are applied 
and especially when the method of applying such loads approaches that of 
the impact test. The paper shows the stress distribution around the most 
stressed section of an impact specimen when it is loaded statically in ten 
sion and seemingly presupposes that all specimens of the various materials 
which are used in impact tests will conform to some correlation of this stress 
distribution when tested under impact. If this were the case it seems (0 
me that the relation between static strength results (on various steels, for 
instance) should correlate very closely with impact results. This is 10 
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true, as is shown by Figs. 1 and 2. In this series of experiments represented 
" Figs. 1 and 2 the shape and size of the specimens were identical and the 
on hine used was the same in each case. 

It is the opinion of the writer that stress distribution in an isotropic 
elastic substance gives a very close correlation (within the elastic limit) 
with crystalline metals when considered statically. If this were true in 
impact testing the correlation between static strength and impact results 
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Fig. 2—Charpy Impact and Ultimate Strength Results on 48 Different Steels. 
should be at least consistent, i. e., the higher the elastic values of strength 
the higher the impact values. A study of Figs. 1 and 2 does not seem to 
show this to be the case. 

The question was once asked by one prominent testing engineer of 
another testing engineer, ‘‘ What is the significance of the impact test, any- 
how?’’ The answer given was something like this, ‘‘The impact test shows 
a material which, when subjected to the impact test, will give high or low 
impact values. ’? 

In impact testing, the speed at which stress can propagate in a metal 
undoubtedly has considerable influence. This is controlled by the average 
elastic properties of the metal under consideration during the short period 
of the test. The formula for rate of stress propagation is given by the 


relation’ V = Vv in which V represents the velocity of stress, E the 


modulus of elasticity, W the weight of the material per unit of volume 


and g the acceleration of gravity. For steel at ordinary temperatures when 
stressed up to the elastic limit the velocity of stress is about 16,800 feet 
per second. As a ductile steel is stressed above the elastic limit the value 


‘This formula is an adaptation of Newton’s second law. 
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considered as E changes very rapidly until at the yield point it is " ti 
indeed and this would allow the energy of the impact blow to }y s 
very rapidly whenever E is small. On the other hand in a brittle 
value considered as E changes relatively little up to the ultimat: e] 
We might well ask ourselves again, ‘‘ What is the significance of | 1 
test?’’ and the answer might be given as follows: High relat S com 
values show a metal which can rapidly absorb relatively large a; tg 

i energy before fracture. This is undoubtedly a valuable property 

; in a metal used in certain engineering structures. The valu stres 

impact results obtained from different types of impact machi) . 

relative only. The rate at which energy is absorbed (or th 

energy absorbed) by a metal evidently has very little to do wit 

distribution when it is tested statically in tension. 

The writer, therefore, would be much interested to know n 

Tl the applications of photoelastic methods to impact tests which the 

in mind and, therefore, would appreciate a more complete outlin 


applications. st 


Oral Discussion \s 


OR ay 
s 


ARTHUR HUNGELMANN: I should like to ask Mr. Frost abo 


tion between the ‘‘quality’’ of the steel as determined by the stati 


SNS PI Me I a BH ak 


work described by Mr. Heymans and the usual standard, slow tensil 

There probably is a relation—I have not had time to formulate my quest nfl 
very well, but the point is this: that the impact test gives certain va 

indicating the steel’s service quality, different from those given by 

pull test. I should like to know whether you have anything definite to off : 
from your research that indicates the value of the impact test in determi $s 


T. H. Frost: I do not believe that that comes quite within | 


ing the quality of the steel, as compared to the slow pull test? 


of the paper. We are merely making investigations that will aid in the int V-s 
pretation of the impact test rather than a comparison of the two. [ am no! ley 
a testing materials man, but purely on the research end, and I do not thi fort 
that I can answer that question because it involves a comparison of th 
) methods of testing. 
; A. L. Davis: Have any of your tests been carried out under other 
; than 1000 pounds tensile? 
; T. H. Frost: No. As I stated before, this is preliminary work 
i are going on with it and will have other data at a later time. stré 
| ; Dr. S. L. Hoyr: I would like to call attention to a second method sin 
determining the strain distribution when a notched bar is broken by im| et 
which I think may be of assistance to the authors in connection with this ty] 
1 of research, and that is the use of the Frye method of etching to show 
! Frye lines or the Hartmann lines. I notice in a recent German pub 
that this method has been used and apparently with success. The strain dist” 
bution found by that method differs somewhat, I believe, from the distribut 
| found by Professor Heymans. I would like to call attention to that, hecaus 
i certainly should be a valuable aid in a research of this type. 
f T. H. Frost: We do not determine the strain distributio: 
| 
; 
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stress distribution directly. That was stress distribution that 
ere. 
3. L. Hoyt: Yes, you determine the stress distribution, the Frye 
etching determines the strain distribution. 
Frost: Yes, but you have a long path to travel if you want to 
to the method of stress distribution, which I think would allow 
more opportunity for errors. If you want to come finally back 
stress distribution, you would have to go from strain back through to 
and, of course, we would have to pass through the stress-strain curve, and 
take in all the errors that are made by the particular material used 
mld like to state that the colors, as you see, have absolutely no 
on the strain in the specimen except as passing through from stress 
or the stress-strain curve. 


Author’s Reply to T. McLean Jasper’s Written Discussion 


is not the writer’s intention to convey the impression that the stress 
tion would be the only factor bearing on the results of impact tests. 
rot. T. MeLean Jasper remarks, if such was the case, there would be 
e relation between the results of rupture tests for a slowly progressing 
y (or so-called static tests) and for impact loading, when such tests 
ade upon identical specimens of the same material. However, if the 
it which the material is capable of absorbing energy were the only factor 
encing the results of impact tests, then the writer would fail to see why 
tests made upon test pieces of the same material but of different 
should consistently yield different results which cannot be correlated in 
le manner. It is the writer’s belief that the stress distribution which 
up in the test piece by the impact force is one of the factors which 
ences the time and manner of rupture. 
Let us, for instance prepare a series of impact test specimens presenting 
aped grooves. Let these specimens be made of the same material and 
entical in dimensions except that the radius at the bottom of the groove which 
forms a sharp V is made to vary gradually to a V which is well rounded off at 
bottom. We know by experience that the sharp V will yield a lower value 
impact test and that the values will improve as the radius of the 
at the bottom of the groove increase. If, now, we examine the values 
the maximum stress at the bottom of the groove under static loading versus 
radius of curvature (Fig. 1)’, we find that for the same load the maximum 
increases as the radius at the bottom of the groove decreases. This 
illustration points out the correlation which exists in this simple case 


een the maximum stress due to the shape of the notch and the result of 
t test. 


t} 
a 


let 


nla 
pa 


\s stated by the author of the discussion, the rate of stress propagation 


ubtedly have also considerable influence. However, as known, this 
of stress propagation depends on the values of two elastic constants. 
values are constant throughout the stressed body, the velocity will be 

rmination par la Photo-Elasticimétrie des Surtensions dues a Certaines 


et a Certaines Variations de Profil Extérieur Dans Les 
Mem. Ac. Royale De Belgique, 1921. 
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the same throughout and independent of the stress distribution. 
elastic limit, the values of the two elastic constants depend u; 


of stress and the velocity of stress propagation will no more be 
of the stress distribution. 

The velocity of propagation of the compressional and dilatation, 
in an elastic body may for example be expressed in terms of Yow n 
and Poisson’s ratio. 

The displacement at any point of an elastic body is a resultant , 
compressional or dilatational wave and of the torsional wave. The stresc 
are related to those strains (deformations per unit length) by means of ¢; 
stress-strain relations. Hence in impact tests, in which the e! 


\f 


is naturally exceeded, the rate of stress propagation depends upon the stress 
distribution. We therefore see that the author of the discussion when stati 
that the results of impact tests depend considerably on the rate of stress propy 
gation, implicitly states that they depend upon the two following variables 


a 


l. The values of Young’s modulus and Poisson’s ratio and their variation 
yond the elastic limit. 2. The stress distribution in the tested specimen 
the various moments of the test. 

The writer agrees that the photoelastic stress analyses under stati 
ing, although capable of yielding some information, are insufficient and 1 
mended himself the carrying out of the same photoelastic analyses 
dynamic loading by duplicating the conditions of the impact tests. Hi 
lieves that the device which he has described shortly’ and which he and his 
associates are using successfully in the investigation of the dynamic stresses 
in rotating gear pinions, could be used for this purpose. In this meth 
timed high voltage electric spark is used to illuminate the transparent mod 
at the different phases of the test, thereby permitting a photoelastic recordin 
of the stress distributions at each of those phases. However, as about eight 
hundred sparks are necessary for securing a sufficient exposure of the Lumier 
autochrome plates used for obtaining the colored photoelastic photograp! 
it would be necessary to prepare about that number of celluloid specimens 
If a photoelastic image of ten phases of the impact test is desired, one cou 
line up ten photographic plates and a rotating total reflecting prism would 
make the beam of polarized light fall successively on each photographic plat 
During the impact test on each specimen, ten electric sparks would be mai 
to flash, for each of the ten positions of the reflecting prism corresponding t 
sach of the ten photographic plates. This would be repeated with the eigil 
hundred specimens. Provided the timing of the ten electric sparks and of | 
ten motions of the reflecting prism is well synchronized with the applicatio 
of the impact force, the eight hundred images on each of the ten plates wil 
superimpose. These ten plates will, together with the tracing of the isoclim 
lines obtained under static loading permit the determination of the stress 
distribution for each of these ten phases of the test. 





2P. Heymans and A. L. Kimball, Jr. “Stress Distribution in Rotating Gear Pinions 
Determined by the Photoelastic Method.’’ Mechanical Engineering, March, 1924 
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Educational Section 
These Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


FACTS AND PRINCIPLES CONCERNING STEEL AND 
HEAT TREATMENT—Part V 


By H. B. KNOwLTON 
Abstract 


This article covers in as simple a manner as possible 
the mechanism of steel failures. The composition of 
matter, and the structure and properties of crystals 
appearing in steel and iron are discussed. The stresses 
which cause falure and the wternal effects they pro- 
duce in the metal under stress are explained. The ap- 
plication of some of the fundamental principles to 
practical problems in the prevention of cracking and 
breaking is brought out. 


STEEL FAILURES 


IE heat treater has a different sort of responsibility from 

that of the machinist, tool maker, or other factory worker. 
While the others are responsible for the size, shape, and finish of 
steel articles it is the duty of the heat treater to produce the 
required hardness, strength, toughness and other physical prop- 
erties. Furthermore, while it is possible to make a 100 per cent 
inspection of all articles produced for size, shape and appearance, 
it is obviously impossible to test every article for strength and 
toughness. The production of these physical properties depends 
upon the work of the heat treater, the designer, the metallurgist 
and the engineer. The success or failure of steel parts in service 


is due to the judgment, skill, and integrity of these men. For 
The 


LRANSA( 


first installment of this series of articles appeared in the March, 1925, issue of 
tions, the second installment appeared in the June, 1925, issue, the third install- 


nt appeared in the October, 1925, issue, and the fourth installment appeared in the 
iry, 1926, issue, 


Th 


author, H. B. Knowlton, member A. S. S. T., is instructor in metal- 
roy 


, Milwaukee Vocational School, Milwaukee, Wisconsin. 
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this reason all of these men should be interested in th, 


(L\ 
steel failures, their causes, and the methods of preventi: 

A complete technical discussion of the strength and kness 
of metals would require many pages. It will be attempted jo 
to take up some of the main points in as brief and simple 
manner as possible. For more complete information, the peasd 
is referred to works of Jeffries, Archer, Sauveur, Rosenhaiy. o 

COMPOSITION OF MATTER 

It is probably best to begin with a brief discussion o| 
composition of matter. While the dictionary may define solid 
‘‘not hollow, spongy or porous,’’ there is really no form of matt, 


which is so solid in this sense that it is not porous to a smal 
degree. Every one recognizes that wood is porous. Water \ 
pass through wood. Other materials may be penetrated by gases 
While iron and steel do not appear porous when examined unde 
the highest power microscope, they have been penetrated 
X-rays, showing that they, too, contain minute pores. 

All forms of matter are made up of extremely small particles 
which are called molecules. The molecules are the smallest 
physical divisions of matter. That is, a molecule of any substance 
is the smallest particle of that substanee which could exist without 


any change in the chemical properties of the substance. I 
example, a molecule of water is the smallest particle of wat 
which could exist as water. It would be possible to break dow 
a molecule of water into atoms of hydrogen and oxygen, but 


would be impossible to have an atom of water or any otlier 


material which is composed of two or more elements. ‘The atoms 
in turn, contain electrons. A complete discussion of the const 
tution of matter becomes quite complicated. For the present «is 
cussion it will not be necessary to consider the electrons. Further 
more, in the case of iron and most other pure metals, the mol 


. > ] \ 
eule only contains one atom, so for these metals the molecul 


and the atom are the same thine. It should be sufficient to co 
sider the atom as a unit in this discussion. 


Let us consider, then, that a solid metal is composed o! man) 
atoms with empty spaces between them. Perhaps some ments 


picture of the size of the atoms and the spaces between 


may be gained from the statement that 1 cubie inch of soli 
tungsten contains 1,000,000,000,000,000,000,000,000 atoms Whil 


hen 
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atoms are always in motion, they do not readily exchange 
sitions With each other in solid matter. Their motion normally 


aonsists of vibration or rotation about fixed points. Their motion 


vay be erudely compared with that of a crowd of people watching 


ection returns on a cold November night. Each person may be 


“uuping up and down or swaying back and forth but remain in 
ractically the same place. To carry the analogy a little further, 


the motion of each person becomes a little more vigorous the 


ndenev would be for each person to oecupy a little greater space 
nd for the entire crowd to cover a larger area as well. In a 
milar manner heat causes a greater vibration of the atoms and 
molecules and causes an expansion or increase of volume. 
SOLIDS, LIQUIDS, AND GASES 
‘rom a selentifie viewpoint, solids may be 


defined as forms 


of matter which have definite volume and definite shape. Laquids 


have definite volume but do not have definite shape. A liquid will 


take the shape of any container into which it is placed. Gases 
have neither definite volume nor shape. A small 


\ 


amount of gas 
ll completely fill any size or shape of container. 

In solids, under uniform temperature conditions, the mole 
vues and atoms tend to stay a certain definite distance apart. 
‘hey are held in these positions by magnetie forces. An outside 
force is required to either pull them farther apart or force them 
closer together. In liquids the atoms are freer to move. They 
may exchange positions but they still tend to stay close together. 


In gases there is no attraction between the molecules. 
CRYSTALLINE STRUCTURE OF METALS 


sent dis Metals are normally crystalline materials. That is, the metals 
Further in the solid form are composed of atoms arranged in regular 
he mol geometric forms. In iron the atoms are arranged in the form of 
molecul cubes. Fig. 1 shows the fundamental unit of the iron crystal. It 
is made up of 9 iron atoms arranged in the form of a cube. Eight 
of the atoms are found at the corners of the cube and the 9th in 
the center. Between the atoms is vacant space. 


When melted iron freezes or solidifies, the atoms arrange 


themselves in these cubie forms, that is, the iron erystaliizes. If 


the 


solidifying could be started at one point only, there would be 
‘ormed, first, one tiny cube composed of 9 atoms. As the solidi 
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fication continued other atoms would be attracted by t! 

in the cube and would build other cubes on the faces of the 0, 
cube. If this erystallization continued unobstructed more 
more atoms would build into the cube, making a larger and |. 
erystal. Under these conditions the crystal formed, whether 
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Fig. 1—Fundamental Unit of 
the Iron Crystal. 


or small, would always be a perfect cube. In the case of some 
salts which have been slowly crystallized trom water solutions, 
crystals have been produced of considerable size which are perfect 
in form. 

In the case of iron solidifying from the melted condition, the 
erystallization starts from a number of points at once. The faces 
of the different cubes are not all pointed in the same direction 
In more scientific terms it is stated that the orientation of the 
erystals is different. (Orientation from the same root as orient, 
refers to direction.) When the erystals grow until they touch 
each other it is impossible for them to grow further and produce 
larger cubes, perfect in form. The atoms in the liquid between 
the crystals continue to attach themselves in a regular manner 
to the crystals already formed until solidification is complete. 
The erystalline grains thus formed are irregular in shape. Each 
grain, however, is composed of millions of little cubes, all with 
the same orientation (all pointed the same way). ‘This formation 
of crystalline grains is more clearly shown in Fig. 2. 

If this discussion has served to give the reader a mental pic- 
ture of the crystalline structure of iron, it will be much easier to 
understand the mechanism of failures of iron and steel parts. 
let us consider, then, that solid iron is composed of many irregl- 
larly shaped crystalline grains which are frequently so small that 
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,—Diagrammatic Sketches of the Formation of Crystalline Grains. 
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they can be seen only with a microscope. Each grain is 


of millions of atoms arranged in the form of tiny cubes. )}j , 
the cubes in one grain are oriented the same way. The oriey; 
tion (directions of the faces) of the cubes in different vraing x 
quite different. 

With this in mind, it may be readily seen that it would 
possible to pass a plane through an entire crystalline grain w; 
out striking a single atom, because the atoms themselves are 
ranged in planes with simply empty space between them. It 


not so easy to pass a plane through two crystalline grains hecay 
the directions of the planes of atoms in the two gerains 
probably be different. 


Wo 


When a erystalline material breaks it usually breaks throue! 
the grains and not between the grains. This is due to continuoy 
planes of weakness through the grains. During failure two parts 
of a crystalline grain slide on each other along one of these planes 
of weakness. The boundaries of the grains are rough and irreguls) 
and, consequently, it is not easy for two grains to slide on eac 
other. 

When a piece of metal is changed in shape by some externa 
foree, such as pulling, bending, or twisting, it is obvious that th 
metal must flow. This type of change of shape, or form, is known 
as ‘‘plastic deformation.’’ This does not necessarily mean break 
ing or failure. The molecules are caused to slide past each other but 
are not separated far enough to cause an actual break or ruptur 
This action may be compared with the sliding of a piece of stee! 
on the magnetic chuck of a surface grinder. If the surfaces o! 
the steel and the chuck are perfectly smooth (and _ prelerab) 
oiled) it is not diffieult to slide the steel around on the chuck 
There is at all times the same amount of magnetic force holding 
the steel and the chuck together. As the piece of steel is slid over 
the different segments of the chuck the magnetic bond is broke! 
between the steel and the segment of the chuck it leaves. At th 
same time the other end of the piece is attractd by a new segment 
which it encounters, forming a new magnetic bond. It would tak 
a great deal more force to pull the steel away from the chuck tha! 
to slide it. If the steel is separated from the chuck by a smal 
fraction of an inch, the magnetic attraction would tend to draw 1! 
back. However, if the steel is removed far enough from the mag 
net it will be out of reach of the magnetic forces. 
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atoms composing a erystal of iron may be described as 

nagnets. The erystal is held together by the attraction of 

onets for each other. The erystal may be deformed by the 

of the magnets on each other. As long as the magnets 

close enough together to attract each other there is no 

xv rupture. If, however, some of the magnets are separated 

far enough to break the magnetic bond, we have the start of a 

rupture. With this sort of a picture of the structure of metals 
we may proceed to the discussion of failures. 

STRESSES WHICH CAUSE FAILURE 

\mong the stresses which cause failure may be mentioned, 

tension, compression, shear, and more complicated stresses, such 

as bending and torsion. If the loads causing these stresses are 

steady they are said to be ‘‘static.”’ (‘‘Static’’ is from the same 

root as ‘‘stationary.’’) Moving or changing loads cause, ‘‘dy- 

namie’’ stresses. (‘‘Dynamic’’ is from the same root as ‘‘dy- 

namo.’’) Dynamie loads are sometimes applied in the form of 

sudden blows, shocks, or impacts. If loads are applied first from one 

direction and then from another, ‘‘alternate stresses’’ are produced. 


KAILURE UNDER Static TENSION 


Let us consider, first, one of the simplest conditions which 
may cause failure, that is, static tension or a steady pull. If it 


ee w were possible to apply tension to a wire which was only 1 atom in 
ruptur diameter, the resulting action would be simple. The wire 

' would eonsist of a number of atoms in a straight line, held to- 
Riis i vether by magnetic attraction. Tension would pull the atoms 
oferabh farther apart until, finally, two atoms were so far separated that 


t} 


ah they would not attract each other. The wire would then break 
te between the atoms, and the foree required would be equal to the 
slid over attraction of the atoms for each other. This is, of course, a theo- 
ial, retical consideration because a wire as small as this has never 
heen produced. The force required would be small in itself but 

large in proportion to the size of the wire. 
It might seem that if a wire of the same metal containing 
10 atoms in the cross section were tested, it would require 
10) times the force to break it. This would be true if the magnetic 
bonds between 10 pairs of atoms were all broken at the same time. 
lf, however, the tension causes the two halves of the wire to slip 


on each other in a diagonal direction, only one set of atomic bonds 





é 
+ 
€ 
7 
' 


— 








622 TRANSACTIONS OF THE A. 8. 8. T. April 


would be broken at a time. Reverting to the analogy of th 
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of steel on the magnetic stage, this action may be compared wit) ' | 
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sliding the steel off the end of the stage instead of lifting ;; up 
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In Fig. 3 it has been attempted to illustrate in a diagrammat;, 
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Fig. 3—Diagrammatic Sketches Showing the Manner in which Lf 


Failure Occurs in Tension. 


A—Theoretical Wire 1 Atom in Diameter 5! 

B—Same as A when Broken by Tension , 

C, D and E—Show the Manner in which a Wire of Several s 
Atoms Fails when Broken by Tension. 


ply of a series of atoms equally distant in a straight line, held 
together by the attraction of the atoms for each other. The next 
diagram shows the same wire after being broken in tension. The 
two halves of the wire have simply been pulled apart in a straight 
line, the center atoms becoming so far separated that they do not 
attract each other. The other three diagrams attempt to show 
the effect of tension upon a wire of several atoms but only one 
erystal diameter. The left hand sketch represents a longitudinal 
section through the wire before pulling. It is assumed that the 
atoms are arranged to form tiny cubes previously described. The 
diagram shows the case in which the faces of the cubes are parallel 
with and at right angles to the axis of the wire. (This is only one 
of many ways in which the atoms may be oriented.) In other 
words, the atoms are equally distant and are arranged in parallel 
planes. 

The next diagram shows the first effect of tension upon the 
wire. The two halves of the wire have slipped on each other 
along a diagonal plane at an angle of 45 degrees to the axis 0! 
the wire. The wire has elongated and the central portion has 
decreased in diameter by the distance between two atoms. It will 
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pe noted that otherwise the relation between the atoms is the same 
as before. They are the same distance apart and are arranged in 
planes oriented as before. The bonds between the pairs of atoms 
on opposite sides of the plane of slip have been broken but new 
bonds have immediately been formed. The sketch shows one less 
bond than before. As stated before, this action may be compared 
with the sliding of a piece of steel on a magnetic chuck until the 
edge of the steel projects over the end of the chuck. There is still 
magnetic attraction between the steel and the chuck, but the 
force is decreased by the amount that the steel projects over the 
edge. 

~The right hand diagram shows the next effect of tension 
upon the wire. This consists of a second slip along a plane at 
right angles with the plane of the first slip. This makes the wire 
still longer and smaller in diameter. Again the atoms in the cen- 
tral portion are the same distance apart and similarly oriented. 
If the pulling were continued the piece would continue to elon- 
cate and reduce in diameter by a series of slips similar to those 
shown. Thus the piece would be pulled out into the shape of a 
wedge and would finally be pulled apart. 

It is not claimed that the sketches used in this discussion are 
scientifically accurate in a quantitative way. They may be con- 
sidered, what Professor Moore terms ‘‘cartoons.’’ They attempt 
to show in a general way how whole groups of atoms may slip on 
each other along a series of diagonal planes. Ordinary crystals 
of iron contain many times the number of atoms represented. In 
order to correctly represent a crystal of iron 0.001 inch in diame- 
ter it would be necessary to draw about 100,000 atoms across the 
diameter of the crystal. Also it is not meant to infer that each 
slip necessarily stops with a movement amounting to the space 
between two atoms. The conditions just discussed are much sim- 
pler than those ordinarily found in commercial articles. When 
it is considered that it is usually necessary to use a microscope 
in order to see crystals in iron and steel articles, it will be appre- 
clated that such articles contain thousands or even millions of 
crystals per each square inch. Furthermore, the direction of the 
planes of slip is different in the different crystals. Add to this, 
the fact that the commmercial forms of iron and steel are not 
composed of a single pure metal, but are made up of a number 
of elements forming solutions, compounds and mixtures, it may 
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be seen that a complete picture of the structure of iron 
is indeed quite complex. 

A bar which is made up of numerous erystals does not | 
continuous planes of weakness through the entire bar. yj, 
such a bar is subjected to tension there may be slips 
f individual crystals but there is a tendency for the slip to }, 
: stopped at the boundaries of the erystals, due to the fact that + 
planes of different crystals do not point the same direction. Jo 
fries and Archer cite several examples, showing that the streng; 
and hardness of metals is greater, the larger the number of erys 


tals in a given area. They also show other ways in which ¢h 
























strength of metals is due to ‘‘slip interference.’ 
The foregoing discussion is far from being a complete treat 


CLULSt 


It has been attempted, merely, to give the reader some pictuy 
of what goes on in a bar of metal which is subjected to tensio) 
It should be apparent that no bar of iron or steel of commercia 


i size ever breaks all the way through at once. Failure must star 


‘ tla 


( 


in very small areas, either by the pulling apart of atoms or t¢! 
sliding of groups of atoms on each other. 


Tensile Strength Versus Size of Specimen 





This may throw a different light on the figures given for 
tensile strength per square inch. It is customary to determin 


. tensile strength by pulling a 0.505-inch diameter specimen. Fron 
| the results obtained, the tensile strength per square inch of cross 
section is computed. The strength of larger size bars is obtaine 


by multiplying these figures by the cross-sectional area. [or ex 
ample, it is assumed that a bar of 10 square inches cross-sectional 
area has 10 times the strength of a 1l-inch square bar. Conside! 
ing that the entire bar does not break at once, it may be seen that 
this assumption may not be entirely accurate. 


Tests on Glass 


Along this line, Jeffries and Archer mention the work 
Griffith in testing glass fibers. For fibers 0.040 inch in diameter. 
he obtained a tensile strength figure of 25,000 pounds per square 
inch, while for fibers 0.00012 inch he recorded a strength 0! 
492.000 pounds per square inch. From these determinations, i 
calculated that the strength of a fiber of zero diameter would be 
1,600,000 pounds per square inch. This serves to bear out th 


eee nay A= At! eae HOO hae “she. 
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at total strength does not vary directly with the size. 
pieces show comparatively higher figures for strength. 


Umform Loading 


Another assumption usually made in dealing with tensile 
‘reoneth is that the load is uniformly distributed. ‘This is not 
.easy to attain even in the testing laboratory. 


Hard specimens 
“voy creater difficulties than soft ones. 


When a soft specimen is 
inaded non-uniformly, the fibers which receive the heaviest loads 
treteh until the load distributes itself evenly over the specimen. 

e specimen is too hard to allow a flow of the metal, this sort 
f action cannot take place. As a result, the fibers on which the 
load is concentrated break, and the fracture once started rapidly 
preads across the entire specimen. Consequently the whole speci 
en apparently breaks under a comparatively low load. Ag an 
example of this, the writer had occasion once to test some tire 


] 


steel which was rather hard. All of the specimens tested broke 
inder low loads. No two specimens from the same tire gave the 
sume figures for tensile strength. This was purely a case of the 
oad coneentrating and causing a fracture in a small area first. 
[i this is true under laboratory conditions where every possible 
precaution is taken to distribute the load as evenly as possible, 
hat must be the case of hardened parts in service? 


FAILURE BY SHEAR 


\ shearing stress tends to cause two parts to slide over each 
other along a certain planeea Familiar examples of shear failures 
ire the shearing of rivets between two plates, the shearing of 
heads of bolts, and the stripping of screw threads. It has already 
een shown that shear is also produced by tension. In this case 
the shear takes place along a plane at a diagonal with respect to 
he direction of the pulling force. Shear also plays a part in 
other types of failures. While it may be stated that shear roughly 
lollows a certain plane, a consideration of the crystalline struc- 
ture of metals would lead to the conclusion that the metal 
slips on a series of small planes, following a certain general di- 


rection 


FAILURE IN TORSION 


orsion produces a twist. Many rotating parts, such as 
\les, shafts, gears, milling eutters, ete., are subjected to torsion. 


) 
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Both tension and shear stresses are produced by torsi The 
load is not evenly distributed over the cross section. In a 
part the maximum load is around the outside, while th 
the axis or center is zero. 


“rcular 
oad at 


FAILURE UNDER COMPRESSION 


Many articles in service receive compression. Reduced to the 


simplest conditions, compression consists in forcing the atoms 
closer together. In practice, however, compression usually pro. 
duces other stresses, such as bending, tension, and shear. About 
the only case of pure compression is hydrostatic pressure. For 


example, when a piece of metal is completely immersed in water 
(or other liquid) under pressure, it receives uniform compression 
from all sides. This causes a reduction in the volume of the piece. 
When commercial articles fail under compression, the failure js 
due to tension and shear produced by the compression, not to the 
compression itself. Metals themselves are not usually tested in 
compression but finished articles, such as balls for ball bearings, 
castings, columns, tubular parts, ete., which must stand com. 
pression in service, are frequently tested in compression to deter. 
mine how they will behave. 


FAILURE BY BENDING 


Many steel articles must withstand a bending action in sery- 
ice. Bending is really a complex stress. When a bar of steel is 
bent, the surface of the bar forming the outside of the bend is 
elongated, while the opposite surface forming the inside oi the 
bend is shortened. This being the case there must be some plane 
between the two surfaces which is neither lengthened nor short- 
ened. It may be stated then that bending produces maximum 
tension in the fibers forming the surface at the outside at the 
bend, and maximum compression in the fibers of the opposite 
surface. The tension and compression stresses decrease from the 
surface toward the center. Bending also sets up shear stresses 
When pieces fail by bending, the failure usually starts as a very 
small break or rupture in the outer fibers, which spreads througi 
oe pe. FAiLuRE UNpDER IMPACT 

Many pieces are subjected to sudden blows or impacts. Une 
method of testing steel is to determine the energy required to 
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break a standard specimen by a single blow. There are probably 
few parts which are broken in service by a single blow. For this 
reason the value of this test has been challenged by some. 


FAILURE UNDER ALTERNATE STRESS 


Quite a large number of failures in actual service are pro- 
duced by alternate stresses or repeated stresses. For example, a 
piston rod receives alternate tension and compression. The weight 
of a vehicle on an axle tends to bend the axle down. When the 
axle turns one-half a revolution the force, although still down, 
‘; reversed so far as the axle is concerned. The tendency is to 
bend the axle back and forth. This is another type of alternate 
stress. Other parts may receive repeated loads in the same direc- 
tion. These are only a few of the many examples of alternate 


4 


stress. 


FATIGUE FAILURES 


It has long been recognized that a part which is subjected to 
alternate stresses may eventually fail under a comparatively low 
load. For example, many automobile failures have been reported 
when the ear was said to be going slowly over smooth pavement. 
In many cases such statements are actually true. Such failures 
are termed ‘‘fatigue’’ failures. (The impression conveyed by the 
term ‘‘fatigue’’ is that the steel became tired and could no longer 
carry the load which it did at first. This is hardly a scientific ex- 
planation of what really occurs but it gives the correct impression 
concerning the final result.) When a piece of steel fails by bend- 
ing back and forth, the failure starts in the form of a microscopic 
crack at or near the outer surface. As the bending back and 
forth is continued the crack grows in toward the center of the 
piece. Usually cracks start from opposite surfaces and grow to- 
ward each other. Finally the amount of solid metal in the center 
portion becomes so reduced that it can no longer carry the load. 
The piece breaks the rest of the way through. The final break is 


apparently a sudden snap, and may occur under a comparatively 
low load 


Appearance of Fracture 


A fracture produced in this manner presents a peculiar ap- 


pearance. There is usually an area near the central part which 


shows a bright, granular or erystalline fracture, while the rest of 
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the break appears smooth. ‘This is not due to any d 

the metal in the different parts of the bar, but to th 

as the piece bends back and forth the sides of th 
against each other and wear themselves smooth, while 

which breaks last with a sudden snap presents the } 
pearance of fractured steel. Sometimes the tearing action js , 
apparent in the smooth portion of the fracture. Some 
inclined to look at the granular appearing fracture in the cen), 
and blame it for the failure of the steel, without considerine 4) 
that portion held the load after the outer layers had cracked 


False Theory of ‘‘Crystallization by Vibratio) shi 


It was once incorrectly believed that vibration caused st 
to crystallize and that fatigue failures were due to 
Unfortunately this belief is far too common even today.‘ 
‘‘erystallization’’ theory assumes, first, that steel is not norm 
composed of erystals. It is true that the fractured surfac 
some hardened and heat treated steels do not apppear cry it 
to the naked eye. Fractures of wrought iron and so 
may appear fibrous rather than erystalline. The erystall 
theory assumed that steel which was fine and ‘‘silky’’ 
would become crystalline under vibration. ‘These assump 
have been proven to be incorrect. The microscope has prove: 
no matter how fine and silky the fracture may appea! 
naked eye, all steel and iron is really composed of erystals. So 
followers of the crystallization theory are willing to grant that 
steel may be composed of microscopic erystals, but belies 
alternate stress or vibration cause the microscopic erystals to gr ‘| 
to a large size. 

Such a theory, if accepted, gives the heat treater an excelien 
‘‘alibi’’ for the unusually coarse-grained appearance of some 
ice failures. The heat treater probably believes that he has bee 
successful in producing a fine-grained structure on all of his wor - 
It is obviously impossible to break a large percentage of the pieces an 
heat treated and examine the fractures for grain size. The s! are 
percentage which it is practicable to test in this way ma th: 
show a fine-grained structure and the heat treater would natural! nal 
assume that all of his work went out with a fine grain struct 
If, then, an oceasional failure in service is returned which shows wh 
an unusually coarse-grained fracture, it might seem perfectly | 
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believe that the grains became coarse due to the stresses 
ed in service. 

However, it is believed safe to say that no report has ever 
oon made of actual measurement of the grain size of the same 
niece before and after being subjected to alternate stress, which 
ideal that a piece of steel was made coarse-grained by alternate 
stress at ordinary temperatures. On the other hand, many alter 
nate stress tests have been run in recent years and the reports 
have shown that there was a splitting action within the grains 
ut no growth in the size of the grains. In this connection it 
should be stated that grain growth of strained metal may take 
place if the temperature is raised sufficiently. This has been noted 
particularly in the case of low carbon steels. For example, lad 
hains which must stand both heat and strain have been known 
to suffer from grain growth. The temperature required is con 
siderably above ordinary room temperature but below the eritical 
point of steel. Several other statements made in this article will 
not hold for heated steel. The discussion has been limited to steel 
t ordinary atmospherie temperatures. 

It would seem probable from the foregoing discussion of the 
nechanism of failure, that fine-grained steel would be less liable 
to fail under alternate stress than coarse-grained steel. It was 
shown that a single erystal of iron has a continuous plane of slip 
through the entire crystal. The planes of weakness run different 
directions In different erystals. Consequently the larger the num 
her of crystals forming the cross-section of a piece, the less chance 
there is for long continuous slip planes. As it is sometimes stated, 
the larger the number of erystals the greater will be the end re 
sistance To slip. 

lf this assumption is correct, it may readily be seen that it 
vould be the coarse-grained pieces which would be the most likelv 
to fail under alternate stress. For example, suppose that in the 
production of a certain automobile part, 95 per cent of all articles 
put into service have a fine grain, and that the other 5 per cent 
ire coarse-grained. Other things being equal, it might be expected 
that it would be the 5 per cent which left the heat treating de 
partment with a coarse grain, would be the ones which would 
Deak 


in service, while the others would prove satisfactory. Thus, 


ile 95D per cent of the parts were fine-grained when they left 


tha 


ictory, nearly all of the ones which failed in service might 
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show a coarse grain. This may explain the origin of | 
that the grain size was produced by service and was not 
of the heat treater. As a matter of fact, however, the heat 
is probably responsible. 

Kor the past several years H. F’. Moore has been con 
some interesting researches on the behavior of steel under a}; 
nate stress. He has shown that when a bar of steel is bey 
and forth, slp occurs within the crystals. The tendenc 
the slip to stop at the erystal boundaries. If the strain is ores 
enough the slipping may lead to the formation of microscopic 
sub-microseopie cracks. (Anything too small to be seen with th, 
microscope may be called sub-microscopic.) The difference be 
tween a slip and a crack is that in the case of a slip two parts 
of a erystal have slid over each other, as previously described jy 
discussing the effects of tension. The atoms remain close enough 
to be held together by their mutual attraction. When a bar js 
bent, slip bands are formed. When it is bent back the halves o| 
the crystal may slide back into the original position, or nearly 
so. This does not constitute a failure. Reverting to a previou 
comparison, this is similar to sliding a piece of steel back and forth 
on a magnetic chuck. On the other hand, when a erack is fornied, 
a number of pairs of atoms are so far separated that they ceas 
to attract each other. A cracked piece is not restored to a solid 
bar by bending it back to the original position. 

Professor Moore has shown that if the bending action is not 
too severe the bar of steel may be actually strengthened instead 
of weakened. On the other hand, if the action is severe, tin) 
eracks will be formed which will gradually grow until the piece 
fails. He found that for any given bar of steel there is a certain 
maximum amount of alternating stress which the bar will stand 
practically indefinitely. If this amount of stress is exceeded, the 
bar will eventually fail without increasing the load. Thuis max 
mum amount of alternating stress which the piece will stand he 
terms the ‘‘endurance limit.’’ This endurance limit is usually 
slightly lower than the elastic limit. It represents the “‘sal 
working stress,’’ or indicates the load which can be safely pu 
on the piece from alternate directions. 

The strengthening effect of a low amount of alternating stress 
is very interesting. It is probably similar to the strengthening 
which is produced by cold rolling or cold drawing. It seems thal 
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stals will stand a certain amount of slipping, but that the 


slipping action itself builds up a resistance to further slip. There 


may be room for some argument as to exactly what happens, but 

ma} be briefly stated that the shpping of different parts of the 

orystals on each other probably destroys, to some extent, the or 

derls arrangement of the atoms. If the planes of easy slip are in 

—— interfered with, further slipping is more difficult. 
CONCLUSIONS 

‘he foregoing discussion may seem a little lengthy, but it is 
really very brief in comparison with the volumes which have been 
vritten on the subject. It has been attempted to present a picture 
n as simple a manner as possible of the complex actions which 
take place during steel failures. If the reader’s interest has been 
aroused, it is recommended again that he study the books and 
articles of Jeffries, Archer, Sauveur, Moore, and Rosenhain. It 
is hoped that certain conclusions will be plain. These may be 
briefly stated as follows: 

Steel is composed of atoms arranged in parallel planes form 
ing crystals. Steel articles of commercial size contain many crys- 
tuls or grains in the cross-sectional area. Each crystalline grain 
has planes of weakness through the entire grain. The direction 
or orientation of planes in different crystals is usually different. 
\ whole piece probably never fails at once. Low stresses may 
cause sipping without failure. Failure starts in a small area and 
spreads. The start of failure may be a comparatively wide sep- 
aration of several pairs of atoms. Under alternate stress, failure 
ay occur under lower loads than those necessary to produce 
failure if the loads are steady. There is an endurance limit of 
ilternate stress which can be withstood by a given kind of steel. 
loads are frequently not evenly distributed over the entire piece. 

Particular attention is called to the fact that u failure usually 
‘arts in a small area and spreads. This being the case, it is the 
mperative duty of the desiqner, the manufacturer, and the heat 
‘reater to use the utmost care not to produce a condition which 

help a failure to start. This is more important in the case of 
parts which have to withstand shock or alternate stress than it és 
lor parts which receive only steady loads. 


Errect OF DESIGN 


Any design which causes a concentration of load at a certain 
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point or along a sharp line may cause the start of a faily 
is particularly true of parts which must stand bendi: 
or alternate stress. Square shoulders, V-shaped notch 
finishes, and other sharp internal angles will cause a 

tion of the load on a piece which is bent back and fort! 


This has been proven in the laboratory by comparat 


nate bend tests on bars of steel which differed only 


One bar was simply a smooth solid bar. The others we: 


Fig. 4—-Showing Typical Failures of Commercial Parts Failure Started 
Cornered Keyways 
but each had a notch in one surface. The thickness of the 
below the bottom of the notches was the same as the thickness 
the solid bar. One of the notches was V-shaped, another 
square at the bottom, while the others were round. It was f 
that the V-notch broke with the least load. The one wit! 
square notch was next, while the ones with round notches sto 
almost as much alternate stress as the solid bar. The larger | 
radius of the round notch the more nearly the endurance 
approached that of the solid bar. 

Another example of the same thing from every da) 
the breaking of a soft wire. Everyone is familiar with 
that it is much easier to break a wire which has been mI 
slightly. It is often possible to bend a smooth wire back 
forth for a long time without breaking it, while the nicked 
may be broken in this way very quickly. 

Fig. 4 shows several examples of this type of failure. Thes 
commercial failures which started from keyways or square S| 

This should be ample proof of the need of fillets in the p! 
of square shoulders. It might also be mentioned that the 
should be machined so as to leave a smooth rounding surt 
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mee saw a broken railroad axle which had evidently been 
| to have quite a large fillet. The manner in which the 


looked more like stair steps than the are of a eirele. Krom 


aS 


Fig. 5—Small Forming Die which Cracke« 
ening 


t these sharp shoulders a tear was started which spread 


hrough the entire axle. 
Screw threads of the V-type have also been known to start 
One of the large railroads has recently considered chang 


LUT es, 


g all staybolt taps from the V-thread-type to the Whitworth 


because the latter have proven better in service. (The Whit 
». 


ty) 
vorth thread is rounded at the bottom and at the top.) The U 
Standard thread, which is flat at top and bottom, has also proven 
nore satisfactory than the V-thread. 

These are only a few of many examples which might be given 
{ failures in service which are due to a design which causes a 


entration of the load and a resulting tear. 
Hardening Cracks Caused by Design 


Many hardening cracks are due to the same causes already 
uscussed. When a piece of steel is hardened by quenching in 


er or oil, the rapid cooling necessarily causes sudden contrac- 
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tion. If the piece has sections of different thickness, { 
be considerable difference in the speed of the contractio) 
up severe stresses in the piece. Square shoulders, V-not 
help to concentrate these stresses and cause cracking. 





| 


———————— 


Fig. 6—Large Planer Tool of Hardened High Speed Steel which 
Broke in Service. Heavy Grinding Marks were the Starting Point 
for this Failure. 
signer, the machinist, and the tool maker should do all possible 
to avoid sharp internal angles and substitute fillets. 
Tapped holes and counterbored holes also cause similar trou 
bles. These cannot be avoided, but the hardener can prevent 4 


great deal of cracking by filling all holes with clay, asbestos or 


some similar material. 
Fig. 5 shows a small forming die which cracked in harden 


pi yssible 


ur: trou- 
event a 


STOS Or 


harden- 
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‘ng. in facet, not one but several of these dies cracked and all of 
the cracks appeared at the same places in the dies. It will be 
noted that the cracks follow the direction of the holes. 


FAILURE Due To RoucuH FINISH 
A rough machining finish may also be the cause of failure 
of parts which receive alternate stress or shock. Parts which must 


| : Weld 


La eg Rt Ae Ee Se 


Fig. 7—An Imperfect Weld on a Locomotive Part Caused this 
Failure. 


stand stationary loads only are not so much damaged by rough 
nish. Fig. 6 shows a large planer tool of hardened high speed 
steel which broke in service under no greater than the customary 
load. It will be noted that there are some rough grinding marks 
running crossways of the tool. It was from one of these deep 
grinding marks that the fracture started. Along with rough fin- 
ish may be mentioned deep punch marks. Tools have been known 
to crack in hardening, due to numbers being stamped in too deeply. 


FAILURE DuE TO UNSOUND STEEL 


Seams, pipes, holes, slag segregations and similar defects have 
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all been known to start failures. Sound steel is one ot 
requisites to successful service. Sometimes the manufac 
the finished parts is responsible for the lack of soundnes 
than the steel mill. Fig. 7 shows a section cut through a 
tive part which failed. The photograph shows an imperf 
Another interesting case was that of a piston rod 
failed. The original piston rod was turned too smal! 
welder cast on extra metal around the outside, and the 
finished to the correct size. After the piston rod had fs 


service it was examined in the laboratory. It was found th; 
original metal was sound but that the added metal was dec 
porous. The porosity of the added metal was responsible fo 
start of a crack which spread into the rod, causing a failur 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 


PRESENT STATUS OF REFINING IN THE 
COMPARED TO THE THOMAS-PROCESS. 
tte. Transactions, Steel Works Committee of the ‘ 


enleute.’’ Stahl und Kisen, January 7, page 1-7 


BASIC OPEN 
sy I’. Bernhardt, 
‘Verein deutscher 
January 14, page 
14: January 21, page 73-78; February 4, page 137-142. 

' lifferent methods of steel manufacturing are subjected to a critical 
‘hen the modern open-hearth furnace is compared with the electric 
r furnace and the crucible melting furnace, 


in certain cases this latter 
to the electrie furnace. 


Economically the electrie furnace is only 
ompete with the open-hearth furnace under peculiar circumstances. 

economy of the Thomas-process is compared with that of the basic 
rth-process. Finally the author discusses the costs of construction 
en-hearth with that of the Thomas process, Dr. Hans Pollack. 
EMBRITTLEMENT IN MALLEABLE CASTINGS. 


ige, February 25, 1926, page 558. 


By L. H. Marshall. 


article describes a simple heat treatment developed to prevent brittle- 
to hot-dip galvanizing. 

iuthor sets forth how the improvement in the physical qualities of 

iron have resulted in its greater tensile strength but certain mater 

is silicon and phosphorus have a tendency to make it brittle when 

The first step in the process was to isolate the cause of em 

tlement. Proper heating and quenching eliminated the tendency to em- 


Extremely slow cooling should be avoided. Proper heat treatment 
h importance that the process should be under pyrometer control. A 


intial saving is effected by the use of the latter device. 


r st 


NEW THEORY OF HARDENING APPLIES 
‘ONFERROUS METALS. By D. 
1926. page 391. 


‘I 


TO FERROUS AND 
Hanson, Jren Trade Review, February 
uuthor is of the opinion that a better understanding of hardening 
been gained by recent work on the metallurgy of ferrous and nonferrous 
ta He describes how metals are built up of crystals via lattice forma- 

that these various atoms form planes and that difficulty in the 

n the planes of these atoms has a tendency to harden the metal. 


turther enumerates the three processes which result in hardness. This 


n also be applied to steel, and he points cut the differences existing 
teel and nonferrous metals. 


The microscope reveals that crystals 
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in the finest steel are infinitesimally small. This accounts for 


a nsiderahi 
degree of hardness. _ 
SOME ATTEMPTS TO MEASURE THE DRAWING PROPERTIEg OF 
METALS. By W. 8. Montgomery, Jr., and E. R. Enders, Jr., students State 
College, Pa. The 1925 A. 8. M. E. Student Prize Award Paper. Publish 
in Mechanical Engineering, February 1926, page 119. 
This article sets forth the results of a series of experiments made op 
cutting and forming of metals. Many methods now used in testing the ‘gr. 
ability’’ of metals have been, for the most part, unsuccessful and haye » 


sulted in great waste. An infallible method is being sought. 

Samples of metals were tested for drawability by all the known methoa 
of testing and the results checked. Photomicrographs of metals were foyn4 
to be a valuable aid in this connection. 

The authors are of the opinion that the drawability and ductility 9 
sheet metal can best be ascertained by the use of the Erichsen machine, } 
underlying principle of which is the tensile test, anc photomicrographs. 

Data obtained in the drawability tests of various metals used and js 
a comparison of results by the various tests are given. 


The problem of drawability of sheet metal has by no means been solved 
but the results of these experiments seem to point in the direction of ultimate 
solution. 








HEAT TREATING AND TESTING OF CHROMIUM MAGNET 
STEELS. By Dr. Ing. E. H. Schultz and Dr. W. Jenge, Dortmund. Stai 
und Eisen, January 7, 1926, page 11-13. 

In this paper the authors discuss the undesirable influence of long heating 


to hardening temperature and of overheating before quenching on the magneti 
properties of chromium magnet steel. These properties are the result of th 
dissolution, former size and distribution of the carbides, and it is shown how 
to determine the best method of hardening. As an example there is given thy 
heat treating of a cobalt magnet steel, showing the probability of the in 
vestigations made on chromium magnet steel. The magnetic properties of a 
magnet steel cannot be determined with certainty based upon its chemical 
analysis. Dr. Hans Pollack. 


A WESTERN PLANT FOR QUANTITY PRODUCTION OF GEARS. 
Western Machinery World, February 1926, page 57. 

The general belief that the cost of production on the west coast exceeds 
that of other parts of the country is erroneous; indeed in many instances tle 
cost of production is less than elsewhere. The reason for this is that better 
climatic conditions exist, expert workers are available, much of the rav 
material is produced locally, there is a ready market, and ample transportation 
facilitates the exporting of surplus. These are some of the salient factors 
which will result in the unlimited industrial development on the west coast. 
The California gear industry is a case in point. Gears are used in larg 
quantities in the automotive industry and this concern has grown to consit 
erable proportions by the economic production of gears which meet the © 
acting requirements of the trade. Their success is directly attributable ' 
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the methods and machine tools used, and the proper heat treatment of raw 
and finished materials. Rigid scleroscope tests insure uniform results. 

Continuing, the article describes and illustrates the type of machines used 
ind the processes of making gears for the automotive replacement trade. 
Specific requirements are obtained by rigid inspection and the use of many 
checking devices eliminate the probability of placing defective gears on the 
market. 

A NEW UNIVERSAL DIFFERENTIAL DILATOMETER, By H. Esser 
and P. Oberhoffer, Report of the LEisenhiittenmiannischen Institut der 
Technischen Hochschule, Aachen, Stahl wnd Eisen, February 4, 1926, page 
142-147. 

This instrument is useful for investigating the dilatometrical, magnetical 
nd electrical properties of metals and alloys at high temperatures (1100 
degrees Cent.). The performance of researches on the thermal dilatation, on 
the permeability of a material independent from the temperature, on the 
thermoelectric effect of a metal at increased temperature and the ascertain- 
ment of the electric conductivity with the aid of the new instrument, are 
lescribed. Dr. Hans Pollack. 

NON-METALLIC INCLUSIONS IN IRON AND STEEL. By Prof. 


S. L. Goodale and Phiroz H. Kutar, M. S., Met. E., in Forging—Stamping— 
Heat Treating, February 1926, page 68. 


n methods 


ere found 


’ The subject of this paper is ‘‘ Non-Metallic Inclusions in Iron and Steel’’ 
MAGNET 


| and its object is to ‘‘ Present the Properties and Various Methods of Identi- 
nd. Stal 


fying Non-Metallic Inclusions Found Through Scattered Literature.’’ 
The authors devote the first three paragraphs to comprehensively defin- 
ing both the subject and the object of this paper. 
A the sulphide inclusions; the properties of manganese and iron sulphides; the 
a ae identification methods of sulphur and sulphides; Rohl’s etching-tempering 
; method; oxide and silicate inclusions and methods of detecting these and 


ng heating 


Continuing they discuss 
e magnetic 
shown how 
3; given the 
of the ln 


erties of a 


other substances such as titanium, nickel, etc. 

Then follows a description of Stead’s heat tinting method; a table of the 
sik best known etching reagents and hints for their use; the physical constants 
eomeng of the thirteen elements considered and their crystalline form and color. 

ecient The article concludes with a bibliography. 


A SIMPLE DILATOMETER FOR HIGH TEMPERATURES; THE 


DILATATION OF CARBON STEELS IN THE RANGE OF TRANS- 
ist exceeds 


| FORMATION. By F. Stiblein, Essen. Stahl wnd Eisen, January 28, 1926, 
stances the 
page 101-104, 


GEARS. 


phat aspen In this paper the author describes a simple dilatometer, being available 

F the ray to 1000 or 1100 degrees Cent. As an example of application the dilatation 

ee ‘urves of carbon steels, from 0 to 1.4 per cent carbon, with negligible amounts 

nt ene of other elements, are given in the transformation range, from which the 

won oom. iron-carbon diagram, inclusively the S-E-line (from 0.90-1.7 per cent carbon), 

d in large may be read. Dr. Hans Pollack. 
MAKING HIGH GRADE STEEL—V. By John A. Coyle. Iron Trade 

Review February 11, 1926, page 397. 
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Why is it that though every precaution is taken in the ma: 
high speed steel myterious cracks appear? The question is of 
standing but cannot be explained by present knowledge and expe: 

The author describes somewhat in detail the making of high 
and gives a table showing the mixture, practice and analyses. H 
the heating, cooling and rolling of the billets and enumerates 
precautions taken to prevent separation. Yet lamination occur: 
This is the eternal question in the making of steel. 


RESEARCH IN LIQUID FUEL ECONOMY. By Max § 
Forging—Stamping—Heat Treating, February 1926, page 60. 


I 


Increase in the price of fuel oil in 1912 resulted in conducting 
for its more economical use, or for a possible substitute. 

The author in this article describes the manner of obtai: 
economy in the application of liquid fuel to metallurgical operat 
dustrial production furnaces. He also sets forth the results 
experiments showing how the factors of temperature, the contr 


air, and the effect of gasification result in lower fuel consumptio: 


HEAT TREATING OF TOOL STEELS IN MINING WORKS 
Ing. R. Hohage, Essen. Kruppsche Monatshefte, January, 192: 
page 1-10. 

Chemical analysis alone does not make the quality of tool steels 
summary of heat treating and heat treating defects is given. Then 
discusses heat treating of tools, mostly employed for mining, and 
produced by annealing, quenching and forging. It is shown ho 
fects may be avoided; the great influence of heat treating on t! 


tools is proved. Finally a furnace, the ‘‘Kruppsche Steinstrahlo! 
recommended for heat treating of mining tools. Dr. Ha 


TESTS SHOW MODERN STEEL EXCELS THAT IN 
BLADES OF DAMASCUS. By T. O. Court. Jron Trade Revi 
11, 1926, page 391. 

Many individuals bemoan the passing of the ‘‘good old days 


ask, among other things, ‘‘why cannot we produce the elasticity 


sword blades of the ancients with the hair splitting qualities att 
them?’’ 


Myth and superstition accompanied ‘‘heat treating’’ and sup 
properties were ascribed to these ‘‘cooled in air’’ swords which t! 
snatched from the hands of the artisan dramatically waving th 
weapon in the air as he dashed on. The process of damascening w: 


secret and proud was the knight who could disclose a sword with 
‘ladder of Mohammed.’’ 


However, a recent test of old and new swords showed the progre 


in greater hardness, strength and elasticity. Neither the old o: 


steel contains nickel, chromium, vanadium or tungsten so the old th 
these swords were heaven-sent is exploded because meteors do contat 


£ 


So the old blades of Damascus must take their place in the art museums wi! 


posterity may marvel at their beauty and handicraft, 
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\T MAKES THE DIFFERENCE IN TOOL VALUES? By 
dustry Illustrated, February 1926, page 54. 
his article describes through a series of pictures why first-class tools 
ve to make and much less to use. 
Given a highly developed organization, modern machinery, skilled labor, 
iss material ete., production is, in the last analysis, dependent on the 
of the eutting tools. 


Some of the equipment which has contributed to the making of high 


tools is: The electric furnace with its accurate control of temperatures, 

milling machine and operator, rigid tool inspection using amplifier check- 

y for minute accuracy, a highly efficient inspection department which elimi- 

‘ates guess work, skill in die-making, machine tool design for new and im- 

roved designs and lastly the human element—tle artisan uses and demands 
od tools. Good workmanship is dependent upon good tools. 


[INFLUENCE OF SILICON ON THE STRENGTH OF LOW CARBON 
STEEL. By A. Pomp. Transactions, Kaiser Wilhelm-Institut fiir Eisen 
rschung, Diisseldorf, Vol. 7, Supply 9. ~ 
With rolled iron-silicon alloys containing 0.30-4.00 per cent silicon, tensile 
strength and shock tests were made in the range from 20-500 degrees Cent. 
With rising temperature the yield point decreases proportionally to the in 
ise of temperature. In the alloys with higher contents of silicon there was 
yield point which could be determined. The tensile strength shows a mini 
m at 100 degrees Cent. and a distinct maximum about 250 degrees Cent. 
ongation and contraction are at a maximum at 50 degrees Cent. and at a 
minimum about 250 degrees Cent. Alloys containing 4 per cent silicon form 
exception. The impact values increase with rising temperature to a maxi- 
m, and decrease with further rise of temperature. Increase in elongation, 
ontraction, and especially of impact value with rising temperature makes it 
possible to roll or to draw alloys of high silicon content which would be 


lestroyed by these operations at room temperature. Dr. Hans Pollack. 


CONTRIBUTION TO THE KNOWLEDGE OF THE IRON-TIN 
SYSTEM, By F. Wever and W. Reinecken. Transactions, Kaiser Wilhelm 
institute fiir Eisenforschung, Diissoldorf, Vol. 7, Supply 6. 

By means of thermal and metallographical investigations the diagram of 
the Iron-tin system is laid down anew. In opposition to former examinations 

Tammann and Isaak the authors have found that there is a perfect solu- 

ity of both components in the liquid state; the rest the diagram is char- 

terized by a solid solution of tin in iron with a maximum of 18 per cent tin 


| by two chemical combinations, ascertained with the aid of a new method 
as Fe.Sn and FeSn.,. Dr. Hans Pollack. 
COMPOUNDS FOR CUTTING, GRINDING AND RUST PREVEN- 
‘ION. By J. A. Maguire. Western Machinery World, February 1926, page 65. 
The author indicates that various oils are used as coolants and lubricators 
‘or automatic machinery and various lathes an Grill presses, and that it is 
sometimes necessary to us@ a soluble oil and water. He points out the dangers 


YN 


ist formation if not properly mixed. 
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The advantages cited are especially important for the surfa 
grinding flat work and the centerless grinder for wrist pins, ete. 
The article continues with a description of bow to prevent 









rosion, rust and tarnish of sheets of copper, metal, ete. 


AUTOGENOUS WELDING OF ALUMINUM AND ITS ALLoys 
A. Eyles, Manchester, England. American Machinist, February 
page 275. 


Even though aluminum is now being used cxtensively in th 
aircraft, electrical, and general engineering industries little has 
the technical and mechanical journals about this material and 
characteristics from the practical mechanics’ point of view. 







The problem of repairing aluminum and its alloys is an in 
and many difficulties must be contended with and overcome. ‘| 
describes the method of soldering and claims that soft soldering j 
ful but that autogenous welding of aluminum and its alloys | 
cetylene flame makes the joints stronger and firmer and is even pret 
electric methods, sometimes used. 














The gases used in the process must, of necessity, be pure, owin 
nature of the material to be soldered. 

The writer describes the use of the flux and the puddling n 
gives a table of the melting points of different ingredients used in fluxes 
for aluminum welding and various ways of application. Esp: 
necessary to thoroughly clean and prepare all joints to be repaired and dir 
tions are given for its accomplishment. The man doing the welding sh 
precaution and care, goggles should be worn to protect the eyes from 
dust and splashes of metal ete. 



















SELECTING REFRACTORIES FOR IN 
FURNACES. By Edmund R. Thews. Jron Trade Review, February 
page 508, 





USE 
, 4 


This article sets forth the properties which all refractories for found 
and metallurgical furnaces should possess. No universal refractory 
all demands, hence the engineer must select for each case the refractory 
ing mechanical and chemical properties best suited for the most important 
requirements. 
depends onthe character and dressing of the raw materials, the selectior 
bonding medium and the methods of burning. Unevenness influences th 
of refractories and the installation method is important and its porosity 
fluences inertness. The conductivity of heat varies with the uses to 
is to be put. 


The resistance of the furnace linings against variations in temperatu! 






CONTRIBUTION TO THE KNOWLEDGE OF THE IRON’SIL! 







SYSTEM. By F. Wever and P. Giani. Transactions, Kaiser Wilheln [nstit 
fiir Eisenforschung, Diisseldorf, Vol. 7, Supply 5. 

By means of thermal and metallographical investigations it seems 1! 
the iron-silicon diagram the range of equilibrium of the gamma phase is |! 


by a continuous line without a triple point; herewith the interpret 
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at the body-centered cubic modifications of iron, alpha-and delta- 
in identical phase. The polymorphism of iron is reduced to the 
two modifications, the body-centered cubic alpha and delta phase 

e-centered cubic gamma phase, interrupting between 906 and 1401 


+ 


nt. the range of the body-centered cubic phase. 

Dr. Hans Pollack. 
SEAMLESS STEEL TUBE MANUFACTURE, By Paul Cebrat, Perin 
Marshall. Jron Age, March 4, 1926, page 619. 


s article is the conclusion of one heretofore published by this author. 
Pilger process of manufacturing seamiess tubes is undoubtedly the 
most economic method of production. Pilger mills are much pre 
the Continent and Germany has scarcely any other mills now actually 

seamless pipe. Commercial requirements can best be met by making 

by this method. 


(he article enumerates some of the advantages and savings obtained by 


ise of the Pilger method, one of the greatest of which is the ability to 
roduce great lengths (50 feet or more.) 

‘he cramped quarters existing in Europe is one of the reasons for~low 

ge. Also a limited home market, keen competition in export trade, limited 
capacity, and a lack of passion for speed, all result in about fifty 
ent production. 
However, the inferiority of German steel is another factor in making the 

process best for that country. It is both satisfactory and economical, 
s inferior material can be used. 

Further continuing the author touches upou the machining of ingots, the 
rious kinds of fuel used, the manipulation of the furnaces and the roll which 
the most important part of the Pilger mill. 


THE MEASUREMENT OF CUTTING TEMPERATURES. By E. G, 


Manchester, England. American Machinist, February 18, 1926, 


This article sets forth the results of a study of the continuous and in- 
tantaneous temperatures generated by cutting tools and how the temperatures 

recorded by means of a galvanometer used in conjunction with a tool- 

thermocouple. The coolants used and the various materials employed in 
experiment are described. By means of diagrams and illustrations the 
makes this experiment both interesting and instructive. 


HIGH TEMPERATURES OBTAINED IN NEW FURNACE. 
\vey. Jron Trade Review, February 4, 1926, page 325 


OL. 


By Dan 


his article describes the Bosshardt-type furnace which is an open-hearth 


urning producer gas, evolved alternately from each end by two gas pro- 
built into, and a part of, the furnace. This furnace was recently in- 
Beloit, Wisconsin, and differs from ordinary open-hearth furnaces 
ways, but its chief asset is the exceptionally high 
the bath. 


l? 


temperatures ob 


It is guaranteed to raise the temperature of molten steel 
degrees Fahr. The temperature is determined by the explosion of 


ombs which are thrown into the bath and click a stop watch. A de- 
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tailed and illustrated description of the furnace follows togeth 
process of melting and rapid carbon reduction. 
DECREASE AND EFFECT OF SULPHUR IN PRODUCER Gags 


THE OPEN-HEARTH FURNACE, By J. Bronn, Hannover. Stak I 
January 21, 1926, page 78-80. 

Addition of 2-3 per cent burnt lime to the gasifying pitcoa! 
considerable quantity of the volatile sulphur with the gas produce: 
the same time the absorption of sulphur contained in the gas, by 
hearth slag 


g, is decreased. Dr. Hans | 


MICROSCOPE AND ULTRA-VIOLET LIGHT. By F. F. 
Telephone Laboratories, New York City. Jron Age, February 
page 555. 

This article sets forth and describes the equipment developed by 
Telephone Laboratories to investigate the possibilities of ultra-violet 
graphy. The diagrams and illustrations make the text concrete. 

The author concludes that the ultra-violet microscope has ful! 


pectations. It is superior to the apochromatie system because crisp ) 


} 


images are obtainable surpassing those of the former method 


technique is required in handling and special care in preparation of s; 


is imperative. The application of violet rays in photomicrography to t 
of metal structures will be a valuable aid and it has already 


soived 


_ 


problems in the physiology of metals, and its use may throw light o1 
lurgical questions now in contention. By its great power may be revealed t 
constitution of martensite or beta iron now in dispute. New 
which become active at various temperatures and modifications in present 
treatment may result. At all events it opens an entirely new fi 
the metallurgist. 


COURSE OF STRENGTH AT THE SHOCK TEST. By EF. Korbe: 
H. A. von Storp. Transactions, Kaiser Wilhelm-Institut fiir Eisenforschung 
Diisseldorf, Vol. 7, Supply 7. 

In this paper the authors give a description of a new method to d 
way-time curves of a Charpy machine and their utilization to strengt 
alteration curves. Strength and elongation curves are determined by 
dynamical and statical tensile tests; strength and deflection-curves 
dynamical and etatical bending tests. Dr. Hans Polla 


SHEET STEEL SPECIFICATION AND INSPECTION. By L 
Brown. Forging-Stamping-Heat Treating, March, 1926, page 54. 

Improvement in the quality of sheet steel has been accomplished larg 
by better methods of testing and the necessity of meeting the high standa! 
demanded by the trade. The automotive industry consumes much of th 
modity and keen competition has resulted in a better product. Labo: 
were established in automobile and allied concerns which resulted 1n 
study of steel essentials. An improved method of inspecting surface fin) 
temper and determining ‘‘seconds’’ and billing them at reduced )! 
great importance to the manufacturer. The writer further discusses tle "!) 


for automotive sheets and various methods of testing the drawing 


combinatior 
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strip steel. Various tests for ductility are given. The author in 
seven tables in his article which illuminate the text. 


HoT STAMPINGS AND THEIR PRODUCTION, By EF. 8S. Keyes 
Stamping-Heat Treating, March, 1926, page 105, 

tuthor sets forth in this article that hot stamping lends itself readily 

stamping, the shape of the die is reproduced exactly and the die 

h less than in the cold stamping process. He describes the process of 

dies from models consisting of wood, wax, plaster, ete. In making 

for the ‘‘ break-downs’’ the skill and experience of the operator 

much in the ultimate success of this process. Quality results from 

¢ experience and skill, The increasing use of stamped metal in the manu 

ring world is largely due to the artisans who have devoted their energies 


1 ckill along this line. 


\ GENERAL SURVEY OF CHROMIUM PLATING. By KE. A, Ollard. 
original paper was read at the Meeting of the Electro-platers and De 
sitors Technical Society, held at the Northampton Polytechnic Institute, 
ruary 10, 1926. Metal Industry, March, 1926, page 110. - 
The hardness and resistance to corrosion are the two properties of 
mium which make it valuable as a plating medium. In 1854, Bunsen did 
me pioneer work, in this process of plating, and his successors, experimenting 
ng this line, have contributed further to its success commercially. The 
ithor sets forth the two main types into which these processes may be divided 
ud is of the opinion that a solution of chromic acid with small additions of 
romium salts has proven the most satisfactory especially along commercial 
He points out the difficulties encountered in this process and claims that 

rr, Liebreich’s process is most satisfactory in this respect. The author con 
nuing states that chromium can be deposited directly onto copper, brass, 
|, nickel and cobalt. In plating iron and steel, it is found advisable to 
vive them a coat of nickel or copper to prevent corrosion. Chromium doe 
t seem to be affected by neutral chlorides and is superior to nickel in resist 
ng tarnish and corrosion. The cost of chromium plating is slightly higher 
that of nickel and has not as yet come into general use. Full details of 
process may be obtained from Dr. Liebreich’s English Patents, which 


uthor believes are now available for publie inspection. 


and 


SEAMLESS TUBE MILLS ANALYZED. By Paul Cebrat, Perin 
rshall, Jron Age, February 18, 1926, page 473. 
"he author shows a comparison of the five methods of making seam 


steel tubes. As great quantities of finished steel are used in the mak 


of steel tubes and since lap-welded tubing is gradually being forced 


1 


by the demand for seamless tubing, the manufacturer of this com 
dity is interested in the best method of production. 


Various processes of making seamless tubing used on the continent 
described by Ewald Roeber in ‘‘Stahl und Kisen,’’ February 16, 1922, 


«00. Among them is the Pilger process, extensively used on the 
nent, especially in Germany, which country has practically eliminated 


aking of lap-welded tubing exceptin large sized tubes. The result 
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of the Pilger process has resulted in the economic productio: 
tubes of desirable quality and of greater length than those ma 
methods. 

After a careful study of its advantages, two large Amer 
facturers have adopted this process of making seamless tubes. 
derives its name from the alternating backward and forward 
age’’) of the hollow ingot which operation results in a smoot] 
tube. 


mh 
I 


Seamless tubing is used very extensively in the construction o{ 
ings. It is cheaper than brass and superior to welded pipe. Anot 
consumer of this commodity is the automobile industry. 


STEELMAKERS IMPROVE PRACTICE, By J. D. Knox, / 
Review, March 25, 1926, page 776. 

The author is of the opinion that development in steel making 
mill industries during the past 25 years is due to new methods and m 
cient equipment. He tabulates the principal developments in bot! 
and in rolling steel for the past quarter century. 

Various fuels used in the steel industry since 1900 are set fort 
introduction of electricity and its present day application to the vari 
cesses of steel making are described. 

Improved methods of measuring temperature at steelworks and t} 
ment of steel to meet its requirements have added greatly to the maki 


rolling of steel of superior quality. 


MAKING HIGH GRADE STEEL—VIILI. By John A_ Coyle, / 
Review, March 25, 1926, page 806. 

The author sets forth the differences in steels used in the manut 
mechanical saws, hack saws, and hand saws and is of the opinion that t 
not properly cared for and that the use of tools for purposes other t 
for which they were intended results in heavy losses. 

Continuing the author describes the making of hack saws a1 
analyses of hack saw steel which show the variations required by) 
also touches on crucible melted steel for hack saws, gin saw steel, and 
saw steel and concludes his article with a description of the making ot! 


saws. 


ON THE DETERMINATION OF THE HEAT OF PRECIPITATI 
OF CEMENTITE FROM ALPHA AND BETA MARTENSITES. By Mas 
Kawakami. Reprinted from the Science Reports of the Tohoku Impe! 
University, Series I, Vol. XIV, No. 5. Sendai, Japan, December, 192 

The author is of the opinion that ‘‘the A, transformation in carbon st 
is a stepped transformation. ’’ He sets forth the various changes 
austenite to martensite, troostite, etec., which take place when cooled 
in water; and states that the precipitation of carbide from martensi! 
more rapid with a rise of temperature. He also tells of the decompositio! 
martensite and change in its physical properties. 

The writer describes the apparatus used in making the experiment 
method of measurement and the results of the investigation. 
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RKCHNICAL PROGRESS IN AERONAUTICS. By Edwin E, Aldrin, 
nant, Air Service, U. 8. A. In Mechanical Engineering, April, 1926, 


is paper the author gives consideration to the progress made in 
s from a technical point of view. He says that in the United States 


opment of this industry began with our entrance into the World 


e writer sets forth the trend of airplane construction and says that 
servation, racing airplanes and seaplanes the biplane type is preferred, 
monoplanes are rapidly coming into use for heavier duty, ete. 
laneuverability, he says, is of great importance in military airplanes, 
of secondary value in airplanes used for transportation or for com 
purposes. However, maneuverability, which is largely a matter of 
ver, and a quality which for military services is much desired, is of 
to all airplanes as it is a means of safety in the event of engine trouble, 
wh reduction of maneuverability is not advisable. 
Continuing along this line of development, the author feels that a study 
structures of airplanes is important both for its development and its 
Better and more powerful engines, metal propellers, etc., all con 
ite to its development. The Oleo shock-absorbing landing gear will, in 
opinion of the writer, take the place of the rubber shock absorber. 
Continuing, he deseribes various accelerometer tests and states the 
lerations obtained in barrel rolls are important; furthermore, advances 
aerodynamics have been of value. The materials used for wings, fuselages, 
ne tanks, ete., and the prevention of corrosion is next discussed. Im 
ements in gear cutting have also made for better airplanes, and progress 
instruments used for aerial navigation has added to its safety. While 


ltimeter is still in the process of the making and is not perfected by 


means, the author claims, it is helpful in indicating distances above the 


ind. Radio is being used to signal, and improvement in electrical equip 
has made flying safer. The adoption of aluminum air-cooled exhaust 
has eliminated fires in wrecks. Skis may be used on snow and ice 
ire about the weight of wheels. 

Kefinement is constantly and steadily taking place in aeronautics, is 


conclusion of the author. 


ON THE SOLIDUS LINE IN THE IRON-CARBON SYSTEM. By 
Kaya. Reprinted from the Science Reports of the Tohoku Imperial 

versity, Series I, Vol. XIV, No. 5. Sendai, Japan, December, 1925. 

In this article the author describes how, by the use of the electric resist 
method, he found the solidus line by a break in the resistance-tempera 
urve. He points out the difficulties encountred in constructing a furnace 
oid deearburization of the samples. The solubility line of cementite 


aus 


enite was determined by this method. He describes at some length 
vs diagrams of the apparatus used in the experiment. 


hesults of the experiment are tabulated and the resistance-temperature 
es for different specimens are graphically shown. 
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CHROMIUM ALLOYS 
Kerns, Iron Trade Review, March 25, 1926, page 812. 


ACID FURNAC] 


The demand for heat resisting alloys of a high grade resulted 
duction of many alloys which can withstand the hard usage to whi 
subjected, is the opinion of the author of this paper. 
chromium is an important element in this commodity and is present 
tities ranging from 15 per cent to 30 per cent. However, the presen 
in the metal, and sulphur in the fuel when casting comes into contact 
flame result in nickel-sulphide which is deleterious and results 
appearance in the casting. On the other hand, in the electric anneali 
the addition of nickel adds to the strength of the casting when used 
of 3.5 per cent, while lesser quantities do not change the physical p 
the alloys. This was accidentally discovered by the author in expe 
in the use of the acid electric furnace. 

The basis for working up a heat resisting alloy is set forth by 
and he tabulates the composition of the one he discusses. 

He further states that the pouring temperature is of great 

A change of the charging method of ferrochromium was fou 
which the author describes in closing. 
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THE NAVY 

Age, March 25 
This is the first of three articles in which it is the intention of 

to show how the impetus of naval needs for steel of good quality 


AND THE 


1926, page 831. 


INDUSTRY. 





in giving the American steel industry the prominent position 
Supremacy in fighting implements depends on steel—excellent ste 
to produce superior articles. Fashion seems to dominate even in 
methods demand new 
The high standards demanded by navy requirements have influ 
hastened the development and growth of the United States ste 
Great difficulty was experienced in producing steel to comply with the sp 
tions of the Navy Department but it ultimately resulted in producing a « 
of steel which can be subjected to great stress and strain and is on a 
made abroad. 














(Continued from Page 584) 


CUTTING TESTS OF TOOL STEELS 


JEROME STRAUSS 











































Engineering, 
Smith and A. Leigh. 
Report on the Action of Cutting Tools, Engineering, V 
119 (1925), p. 363 
Experiments with Nickel, Tantalum, Cobalt and Moly! 
Speed Steels,—TRANSACTIONS, Americal 
Society for Steel Treating, December, 1925—H. J. 
and T. G. Digges. 

The Measurement of Cutting Temperatures, Engineer 
Vol. 121 (1926), p. 213.—-Edward G. Herbert. 


364— Demps!t 


E. G. Coker. 





QUESTION BOX 


The Question Box 


' A Column Devoted to the Asking, Answering and Discussing 
| of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 


To Refer to Serial Numbers of Questions 


i Ene 


QUESTION NO. 160. What importance should be placed on the carbon 
f high speed steel? 


OUESTION NO. 166. What is a satisfactory mixture of acid to use in 


, acid test and also the temperature of the liquid and the time the 
should be immersed ? 


I STION NO. L67 Is deep acid etching as Satisface tory for high speed 
carbon steel? 


- 


ESTION NO. 168. Why is a high draw beneficial to high speed steel: 


UESTION NO. 169. What is the hardness of high speed steel at 


| temperatures such as 400 to 1000 degrees? 
ESTION NO. 170. Why do you get a low Rockwell reading on Stellite? 


ESTION NO. 171. What is the hardness of carbon steels at elevated 


ttures such as 400 to 1000 degrees? 


ESTION NO. 172. Can you quench and draw high speed steel in one 
d ope ration? 


ESTION NO. 173. To what temperature must high speed tools be 


| to cool before drawing and why? 


ESTION NO. 174. How long should high speed steels stay in the 


EST ION NO. 175. How long should high speed steel tools he left Li 
h draw? 


WUESTION No. 164. In the manufacture of cast iron pipe in a perma- 
mold, the pipe is removed from the mold at about 1200 degrees Fahr. 
reheated to about 1800 degrees Fahr. for an anneal. Are the struc- 

| physical properties of this material any different from that of cast 
hich has been allowed to cool to atmospheric temperature before bein 
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reheated to the 1800-degree Fahr. zone? Does anyone know where | 
of removing cast iron at red heat from a mold and reheating for ‘ 


was carried out prior to 1918? 



















QUESTION NO. 163. What is the lowest temperature at wi 
iron or low carbon steel will carburize when packed with the usual ti 
mercial carburizer? 





ANSWER.—-Giolitti states that the ‘‘true process of cementati 
of low carbon content cannot take place at temperatures below 780 degr, 
(1436 degrees Fahr.), a result which is in apparent contradiction wit! 
many earlier experiments. ............ The eause of the apparent 
ment is to be found in the different methods of observation used 
and measure the cementation, and to the consequent varying signifi: 
buted to the word ‘cementation.’ In fact, Charpy and all the ot! 


eT e@Y 











menters who have affirmed the possibility of the cementation ot 
temperatures below 700 degrees Cent. (1292 degrees Fahr.) hav 
assertion on the results of simple gravimetric determinations (di 
direct) of the carbon which has penetrated by diffusion into the iron, 
taking care to learn in what state this carbon is present in the iron 
effect it produces on the nature and on the structure of the metal int 
it has penetrated; in other words, they have meant by ‘cementatior 
process whatever of ‘carburization’ of iron. ............ 


‘*Making use essentially of microscopic examination to determi: 





measure the cementation (although often accompaning it with ¢| 





analyses) ...... of the existence of a cemented zone only in the cases 
we could establish the formation of a layer, more or less thick, of a 
proper, more highly carburized than the steel subjected to the cementati 
therefore we have meant to indicate by the words ‘cemented zom 





















only of higher carbon content but also possessed of the structure characteris 
of a true proper steel having a higher carbon content. 

** Now, since it is known that this structure results from the segreg 
in the iron, during cooling, of the solid solution of the carbon to the stat 
cementite, and since this solution can not be formed at a temperatur 
than 780 degrees Cent. (1436 degrees Fahr.) (alpha-iron), it is evident 
it is impossible to observe any true cementation proper (in the sense meant 
us) at a temperature below 780 degrees Cent. (1436 degrees Fahr. 

‘*It is easy to explain the superficial carburization observed at 1 
low temperatures (500-600-700 degrees Cent.) (932-1112-1292 degrees I 
by other experimenters, by two well-known phenomena: 

‘*1. All the experimenters who have affirmed the possibility of 
iron at temperatures below 700 degrees Cent. (1292 degrees Fahr sed 
cementing agent either carbon monoxide or substances capable of evolving 
a gas, such as mixtures of carbon and barium carbonate. Now, by a mechanuisi 
bh analogous to that which I have already explained (see p. 87), th 
monoxide diffusing into the iron deposits carbon there, even in the case wie! 











lCementation of Iron and Steel, pages 88-90. Giolitti. Translated by Richards a: 
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n eannot dissolve in the iron, such as when the iron is in the state 
ron. This carbon, however, whether it remains in the free state or 
rbide of iron, does not impart to the metal the properties of a more 
yurized true steel, for the essential constituents of the latter (pearlite 
with the remainder of the pre-existing ferrite, or pearlite and 
can come only from the segregation of iron-carbon solid solutions. 

s in this case, therefore, no true cementation. 
[he carbon pre-existing in the cementing material or resulting from 
mposition of carburizing compounds (such as carbon monoxide, hydro 
ns. ete.), coming in contact with the surface of the steel can form there 
laver of free cementite; this, however, does not diffuse into the soft steel 
below, which preserves its primitive structure. This fact we were able 
tablish conclusively, as is shown by the micrographs reproduced in the 
which | have already cited. In this case, also, therefore, the process of 
burization which manifests itself at a relatively low temperature is not a 


eementation. ”? 


QUESTION NO. 159. What is the explanation for the retarding effect 
m corrosion of small amounts of copper in low carbon steel? 


QUESTION NO. 158. What is the present recognized cause for the ‘‘ trans 


erse fissure’’ as occasionally found im rails? 


QUESTION NO. 157. Does 0.070 to 0.090 per cent phosphorus in low 
arbon basic open hearth steel tend to prevent ‘‘stickers’’ in the rolling of 
ts? If so, what is the explanation for such a tendency? 


QUESTION NO. 156. What is the cause of ‘‘stickers’’ in the rolling 
f sheets from low carbon, basic open hearth steel sheet bar? 


QUESTION NO. 155. Is it more advisable to cool an ingot from melting 
mperature down to room temperature before reheating for forging or to cool 
lown to 1000 degrees Fahr. and then reheat to forging temperature? 


ANSWER. It should make no difference in the structure of an ingot 


+} 


er it is cooled to 1000 degrees Fahr. from the melting point and then 
eated, or whether it is allowed to cool to room tmperature and then reheated 
‘olling or forging. The conservation of a large amount of heat may be 


by reheating the ingot for rolling from 1000 degrees Fahr. 


QUESTION NO. 154. What are the advantages of nickel steel versus 
hromium-mickel steel for carburizing? 


YVUESTION NO. 149. Do plates of basic open hearth steel ever have a 
base rate than acid open hearth steel? 


























































Snel ane ape 































































































blisters in low and high grade steel sheets? 


show up defects in steel bars? If so, how does it compare wi 


pick ling processes: 


10. 


Ll. 
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QUESTION NO. 142. What is the consensus of opinion of 


QUESTION NO. 138. Is the clectrolytic pickling proce Ss l 





DO YOU 





KNOW? 








If you are not sure of the answer to all of these queries o1 
you are, why not verify it by looking in your handbook. There y 
find the answers to these important questions and also you will 
many other important facts that probably you did not realiz: 
your own A. 8. 8S. T. Handbook. 







during carburizing ? 
ANSWER: A. 8. 8. T. Handbook, page A-3. 


What precautions are necessary to prevent grinding cracks, 


ing steel? 

ANSWER: A. 8. 8. T. Handbook, page A-52. 

How should taps and milling cutters made from plain carl 
steel, be annealed to relieve machining strains? 

ANSWER: A. 8.8. T. Handbook, page N-12. 

What depth of case is desirable for carburized camshafts: 
ANSWER: A. 8. 8S. T Handbook, page R-20. 


What methods are used to handle the cold juncture of pyromet 


ANSWER: A.S8S.8. T. Handbook, page 8-7. 

What acid mixture is used for deep etching with the sulphw 
acid solution? 

ANSWER: A. 8. 8. T. Handbook, page T-S8. 


In photomicrography, what factors govern the time of expos 


? 
‘ 


negative 
ANSWER: A. 8.8. T. Handbook, page T-29. 
What etching solutions are suitable for copper? 
ANSWER: A. 8. 8. T. Handbook, page T-44. 
What is the temperature range of a lead bath? 
ANSWER: A. 8. 8. T. Handbook, page W-23 


aw. 


How does a plain carbon steel compare in magnetic properties to 
{ pro} 


steels used for magnets? 

ANSWER: A. 8. 8. T. Handbook, page Y-6. 

What is the formula that is used when it is necessary to 
length of tensile test specimens? 

ANSWER: A. 8. 8S. T. Handbook, page V-17. 





de 


a7 
tft 


There is a world of valuable information contained 
A. 8. 8. T. Handbook and so in an endeavor to emphasize this point, qu 
tions will be printed on this page each month. The number 
of the data sheet containing the answer will be given also. 


Does copper plating prevent the penetration of nitrogen into 


— 


va 


What steels are generally used for the manufacture of sprin 


ANSWER: A. 8. 8S. T. Handbook, page Y-3. 


/ 

















/ 
hie 


/ 


NEWS OF THE CHAPTERS 


News of the Chapters 


STANDING OF THE CHAPTERS 


March issue of TRANSACTIONS appeared the relative membership 
standing of the 29 chapters of the Society as of January 1, 1926, and as 
¢ February 1, 1926. The tabulation which appears below shows the relative 


mbership standing of the chapters on February 1, 1926, and March 1, 1926. 


Standing as of March 1, 1926 


GROUP I GROUP II GROUP III 
Detroit (374) . Hartford (131) l. Tri City (62) ~ 
Cleveland (363) 2. Golden Gate (120) 2. Los Angeles (62) 
Philadelphia (328) 3. Lehigh Valley (111) 3. New Haven (59) 
Pittsburgh (313) . Syracuse (97) . Worcester (54) 
Chicago (294) 5. Milwaukee (89) 5. Washington (53) 
New York (239) 3. Cineinnati (76) ». Rochester (49) 
Boston (230) . Indianapolis (71) . Schenectady (48) 

. St. Louis (70) . Rockford (48) 

9. Buffalo (57) 9. Providence (43) 

. North West (49) Toronto (40) 
11. Springfield 


Standing as of February 1, 1926 


GROUP I GROUP II GROUP IIT 


Detroit (363) . Hartford (126) . Tri City (62 
. Cleveland (362) 2. Lehigh Valley (110) 2. Los Angeles 


) 
(62) 
Philadelphia (314) 3. Golden Gate (107) 3. New Haven (57) 
Pittsburgh (310) 4. Syracuse (95) 4. Rochester (53) 
Chicago (282) 5. Milwaukee (89) 5. Worcester (53) 
6. New York (231) 6. Cincinnati (74) 6. Washington (52) 


Boston (224) 7. St. Louis (69) 7. Schenectady (50) 
8. Indianapolis (67) 8. Rockford (49) 
9. Buffalo (56) 9. Providence (42) 
10. North-West (49) 10. Toronto (40) 


11. Springfield 


'ebruary was a very good month. There were 128 new memberships re- 
é ed © ‘ . . . 
ved, 32 dropped for non-payment of dues and 11 lost by resignation, making 


‘net gain of 77 members for the month. The following list will show the 
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gain in membership since September, 1925, as well as the total 


oO 
sc 









Members Gain Over pree 
Sept. 1, 1925 3360 
Oct. 1, 1925 3451 9] 
Nov. 1, 1925 3516 65 
Dee. 1, 1925 3574 58 
Jan. 1, 1926 3627 53 
Feb. 1, 1926 3634 7 


- 





Mar. 1926 3711 77 











Net Gain since September 1, 1925 351 








Group I—Detroit increased its lead on Cleveland from 1 last m 


to 11 on this report. This corresponds exactly with the new mem| 
tained by Detroit—while they had 15 new members, four wer 





This compares with 10 dropped for Cleveland. All chapters in G 





showed a gain in membership, indicating that they are all active. P) 










delphia by its continued commendable activity heads the list with 1s 
Detroit—15, Chicago—14, Cleveland—10, New York—8 and Boston | 


Group Il—Golden Gate had a net gain of 13 members. This im 
was given because of the course of lectures being given by the chapt 


Golden Gate also has established a new A. 8. 8. T. record in that tl 
eeived this month a check for $703.50, the largest check ever sent 
ehapter as its share for dues. This large check is accounted for by tl 
fact that they had 7 new sustaining memberships at $100.00 each and $9 


was returned to them on each membership. Only two chapters chang 





positions in Group Ii—Indianapolis changing places with St. Louis in 


sition 7. Both chapters showed a gain in membership, the 







dianapolis being the larger. 

Group I11—This report finds Tri City and Los Angeles tied 
place, with the rest of the chapters remaining the same with th« 
that Rochester dropped from position 4 to 6. This was not du 
activity on the part of Worcester and Washington, but to the fact 
Rochester lost 5 members for non-payment of dues. 










BOSTON CHAPTER 







‘es March meeting of the Boston Chapter was held at the Massac! 
setts Institute of Technology on Friaay, March 5, 1926, the speaker 

the evening being J. M. Watson, metallurgical engineer of the Hupp M 

Corporation, at Detroit, Michigan. Mr. Watson, who selected as his su! 

ject ‘‘The Heat Treatment of Automobile Parts,’’ supplemented his 

with several reels of motion pictures showing the equipment used 

Be heat treatment of the more important parts of the Hupmobile. 


Commencing his address with a brief summary of the development 








alloy steel due to the demand for lighter and stronger parts to effec 
economy of operation and safety, he then explained how greatly increase 


— 








ry 
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of these heat treated parts had made it necessary to discard 
tationary batch-type furnaces and build automatic furnaces 
their own individual needs. 
attery of two furnaces is used continuously, twenty-four hours a 
hardening and tempering front axles. The axles are carried 
furnace on a moving hearth which is operated by cams. On 
e discharge end, the axles drop, one at a time, onto two pair of 
aneed fingers which allows them to enter the oil bath in a level 
thus preventing excessive warpage. They are picked out of the 
hain conveyor equipped with fingers and conveyed to the second, 
furnace of this unit, where by means of a radial blade conveyor, 
axles are carried through the furnace and discharged on trucks ready 
earried away. It is interesting to note that these furnaces are en- 
iutomatie, the only labor required being that of loading the axles on 
moving hearth of the first furnace. The furnaces are fired with fuel 
operation being entirely handled by automatic pyrometer controls. 
axles, as well as other vital parts, such as steering knuckles, steering 
s, drive shafts, ete., are subjected to one hundred per cent Brinell hard 
ss inspection after heat treatment. " 
Similar batteries of furnaces with slightly different conveying equip 
ire used for the treatment of steering knuckles and other small parts, 
eter control of the furnaces and all operations except loading being 
automatic. 
Speaking of their cast iron, Mr. Watson stated that most of their 
ts are annealed for machinability, the specified hardness being from 
200 Brinell. Using cast iron made from a mixture containing small 
ntages of Mayari pig iron and steel scrap, it has been found that 
nperatures up to 1350 degrees Fahr. do not lower either the Brinell hard- 
or the percentage of combined carbon. A temperature of 1375 degrees 
r., however, is sufficient to reduce the Brinell to 120 and entirely remove 
0.30 per cent combined carbon. Great care is taken in annealing their 
st iron parts to keep the temperature well below that which would affect 
Brinell hardness and combined carbon. 
In coneluding his talk, Mr. Watson touched slightly on the case 
rburizing work which was being done by his company and illustrations of 
furnace and pot equipment, as well as methods of packing and charging 
work, were shown. 


Ir. 


Watson, who is a former chairman of the Detroit Chapter, brought 


'm greetings from the members of that chapter, and a return of these 


etings was voiced in the very enthusiastic vote of thanks which was 
ered the speaker for a most enjoyable evening. 

Preceding the meeting, dinner was served in the Walker Memorial 
ling to about sixty-five of the members of the chapter. A short busi- 


ess meeting followed, at which reports of the secretary and the chairman 


the membership committee were read. The increased activity of the 


embership committee was shown in the announcement of three new 


ta} 


aining members and the prospects of several more. The members were 





So 


; 
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asked to notify the membership committee of any one they kn: 


of who might derive benefit by becoming a member of the 


s0sto 
The meeting was presided over by the chairman, Jesse M. |) 
the arrangements for the evening were under the general directio 


H. " 
Briggs, of the program committe. ma | 
BUFFALO CHAPTER 
The February 25 meeting of the chapter was called to orde: C} 
man Mr, Armstrong at 8:00 p. m. and the minutes of the meeting 
December 17, 1925, were read and approved. 
Mr, Armstrong gave a report of the meeting of the local board o ’ 
with the national president and secretary. u 
R. J. Allen of the Rolls Royce Company was the speaker of th, 7 
ing. Mr, Allen’s subject was, ‘‘ Inspection and Testing of Materia 
in the Antomobile.’’ ‘The lecture was illustrated and very interesti: 
About forty members and guests attended. 
CHICAGO CHAPTER 
March 11—Metal Cutting Tools (a practical illustrated talk \. H 


d’Areambal, chief metallurgist, Pratt & Whitney Co., Hart! 

Connecticut. 

Graduate of University of Michigan; formerly with Detroi 

Copper and Brass Rolling Mills, Chalmers Motor (Co., D 

Bros., Wright-Martin Aircraft Corp. 
The celebrities’ reporter at our March conclave, for indeed W 
something more than a mere meeting, was swamped with subjects. Among 
the 200 odd present were: Our national president, R. M. Bird, who mad 
his initial appearance before this chapter and in a short address introdu 
himself to the membership; J. Mletcher Harper, national vice-president 
who is responsible for the splendid work being done by the Recommend 
Practice Committee in the way of turning out Data Sheets; W. H. Lise 
man, our national secretary, who lubricates our national machinery; I. | 
Gilligan, past national president of the Society; and C. A. Schaffer, tool sup 
visor of the Illinois Central R. R., who was recognized and formally 
comed and introduced to the chapter as representing the railroads 
general. 

An important bit of business done at this time was the establishm 
of a local chapter committee to be known as the Technical Committee, | 
Kk. Barker, chairman, the purpose of which is to co-operate with nationa 
committees in all matters of a technical nature. The immediate appeal o! 
the chairman to the members was for suggestions and criticisms for th 
Recommended Practice Committtee regarding Data Sheets. All person: 
having any ideas on this subject are urged to get in touch with Mr. Bark 
as soon as possible. 

The feature of the technical talk of the evening was its informal 4| 
peal, I do not think there was a statement made by Mr. d’Arcambe! that 
he did not illustrate. For this purpose he brought with him som 
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samples of tools in the various stages of manufacture and had 

to say about each tool. Then there were about 75 stereopticon 
plant views, photomicrographs, and charts. At the beginning 
\rcambel gave a brief outline of what had been accomplished in 
cutting line since he last appeared before this chapter about two 
Obviously, such a practical expose was extremely well received. 
splendid meeting was preceded by dinner in the same hall, prac 
every one arriving in time for this important event at 6:15 p. m. 


J. A. Comstock. 
HARTFORD CHAPTER 


\t the monthly meeting held on March 9, J. D. Cutter of the Climax 
\olvbdenum Co. sketched the development of molybdenum and molybde 
teels, the title of the talk being ‘‘ Moly Milestones. ’’ 
he ore of molybdenum—molybdenite, MoS,—is similar in appearance 
physical properties to graphite, and the two substances were considered 
dentical until differentiated by Scheele about 1800. 
earliest important commercial use of molybdenum was for the wire 
upporting the tungsten filaments of electric lamps, in the period 
i910. At about the same time considerable work was done on high 
teels containing high percentages of molybdenum, in which the 
was largely replaced by the molybdenum, but these steels were 
isfactory. While molybdenum will replace twice its weight of 
ssten in these steels, producing satisfactory red hardness and cutting 
perties, difficulties result from the ‘‘smoking out’’ of molybdenum from 
irface in all heating operations, necessitating very deep grinding to 

h the unchanged metal. This ‘‘smcking out’’ occurs only when the 
ybdenum is present in quantities of more than 1 per cent. There are 
successful high speed steels on the market today which contain more than 
er cent molybdenum. 

Swinder and Guillet experimented with low molybdenum structural 
s but erratic results were obtained, due to the impurity of the molybdenum 

obtainable for the purpose. 

During the war, the shortage of tungsten revived the use of molybde 
m in steels in England, with fair success. Accidentally it was found that 
Germans had used a small percentage of molybdenum in some of their 
ance material, and in order to hamper them as much as possible, the 
lish government contracted to take all the molybdenum which could be 
duced, thus cornering the market and stimulating production. This led 
the discovery of molybdenum at Climax, Colorado, and to its produetion 


commercial seale. 


Wills and Chandler made over a_ thousand experimental heats of 
ybdenum steels for the Ford Motor Co., and were successful in sub 


molybdenum steels for vanadium: steels. After the war, how- 


er 


‘ord discontinued the use of both molybdenum and vanadium, and 
ly straight chromium steels. The cancellation of these and of 
orders left large stocks of molybdenum available, and after 
years interest was revived. One difficulty with molybdenum was 
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the formation of refractory carbides in the steel, when added 
of 50 per cent ferro-molybdenum. The use of calcium molybdat 
manufacture, reduced costs, and eliminated the carbide difficult 
a more uniform steel. 

The outstanding characteristics of molybdenum steels are: 

l. High percentage recovery of alloy added to bath, hene: 
low cost of manufacture. 

2. High reduction of area and high impact strength. 

3. Good machinability as compared with other alloy 
same strength. 


4. Wide range of heat treatment, without overheating. 


5. Cleaner bars and forgings, i. e 
flaking. 

In one test, 20,000 S.A.E. 4130 (Cr-Mo) steel connecting rod 
through machining production and the production records com) 
those for 180,000 S.A.E. 3135 (Cr-Ni) steel rods treated to the san 


-240. With the molybdenum steel production was increased 


. seale tends to remov: 


Bri 


and machining costs decreased about 25 per cent. 

Molybdenum has little effect on the A. points of steel, but 
nounced lowering effect on the A, points. It widens the heat 
range, so that good results may be obtained with widely varying t: 
ments. Test bars of 4130 quenched at temperatures from 1500 
degrees Fahr., and drawn back at 1000 degrees Fahr. gave almost 
tensile and impact strengths for all quenching temperatures. 

Chromium-molybdenum steels do not work well for carburizing 
nickel-molybdenum steel, S.A.E. 4615, containing 1.5 per cent 
and 0.25 per cent molybdenum gives excellent results. On oil 
extreme hardness of case is obtained without the 
other steels by water quenching. 


iene] 
Wut I 


distortion causi 


Molybdenum additions to east iron, up to 0.50 per cent, refin 
grain, ‘‘ball up’’ the graphite, and improve the machining and 
properties. Automobile cylinders are now being made of this 

* a 
LEHIGH VALLEY CHAPTER 


The February meeting of the Lehigh Valley Chapter of the Amer 
Society for Steel Treating was held on February 19, 1926, at the Exhibit 
Building of the Bethlehem Steel Company, Bethlehem, Pennsylvani 
subject of ‘‘Stainless Iron from the Consumer’s Point of Vi 
presented by N. L. Mochel, metallurgical engineer of the Westit 
Electric and Manufacturing Company, Philadelphia, Penna. The 
was attended by a crowd of approximately seventy-five people; t! 
number being due to extremely. unfavorable weather conditions. 

This treatise of Mr. Mochel’s is the first paper on stainless 
the consumer’s point of view to be presented to any gathering, and 


the thoroughness and exactness with which Mr. Mochel has handled 
subject, makes it a most comprehensive and complete paper, which w! 
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our Society and publication. Mr. Mochel is most certainly to 
ded for the painstaking work which his paper represents and 
eness and clearness with W hich he delivered it. 
practically impossible to cover in detail the contents of this 
smuch, at it is composed entirely of an accumulation of data re 
om experiments, with very little time given to theorizing or 
s. The paper covers stainless, iron containing a maximum of 0.12 
arbon with a chromium content varying from 8.75 to 24 per cent. 
ver, deals mostly with the standard stainless iron as used by the 
turbine work, which is under 0.12 per cent carbon, under 0.55 per 
canese, under 0.35 per cent silicon, 11.5 to 13.0 chromium, with 
nder 0.50 per cent. Several compositions are mentioned containing 


> 


con up to per cent, and others containing copper, the highest of 
slightly over 1 per cent. Several compositions are also mentioned 
a slight amount of nickel. 


Mochel’s paper contains tabulations, physical property charts, 


raphs and photographs, showing the fractures of his test specimens. 


ysieal property charts show the elastic limit as obtained in four 
the Johnson elastic limit, the apparent elastic limit, the true elastic 
d the proportional elastic limit. He covers results obtained by 
from high and low temperatures, and also the usual quenching and 
series. A study of the Izod curve shows a very noticeable 
lency for the values to drop between 600 and 1200 degrees Fahr. At 
ximately 1200 degrees Fahr. there is a rapid recovery, and very at 
ve properties can be obtained by drawing above this temperature. 
he outstanding facet which Mr. Mochel brought out was, that no one 


sé 


analysis was a ‘‘cure all,’’ but that each composition had its ad 


as well as its disadvantages, but, nevertheless, various appli 
(he discussion and remarks, which followed the paper, made it plainly 
lent that the audience was well pleased. The paper covers such a vast 

of data and information that the discussion was, for this reason, 


tT 
t 


o a few questions, which were uppermost in the minds of the per- 
terested. I feel certain that every one is eagerly looking forward 
e tune when the paper will be published in TRANSACTIONS, so that suf- 


time and thought can be given to each phase of the subject in order 
the valuable contents of this very important and comprehensive paper 


filed away for future reference. J. H. Stoll. 


LOS ANGELES CHAPTER 


joint meeting of the Los Angeles Chapter of the American Society 
el Treating and the Los Angeles Metal Trades Association was held 
club rooms of the Los Angeles Creamery Building, March 4. 


! 


er was served at 6:30 p. m., there being 86 members and guests 


\. Spade, local sales manager for the Ludlum Steel Company, was 
the evening, his subject being a resumé of the ‘‘Heat Treating 
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\ 
Developments’’ for the year 1926, and proved to be very int: 
Election was held and the following officers were elected t: - 
ing the year 1926: Chairman, C. A. Stiles; vice-chairman, Wad Han 
ton; secretary and treasurer, E. C. Black; executive committ: \\ 
Laury, C. H. Fromee, J. O. Bishop, J. H. Knapp and R. C. Lea. 
Ike 4 
MILWAUKEE CHAPTER 
The regular monthly meeting of the Milwaukee Chapter 
February 23 at the Blatz Hotel, and William Finkl of A. Fink! S 


gave a talk on the ‘‘Manufacture of Heavy Forgings’’ and a 
on the ‘‘ History and Manufacture of Die Blocks.’’ Mr. Finkl’s 
nection with the industry enabled him to handle this interesting 
very fluently. He pointed out the necessity of sound ingots to start 
and the fact that the shape of the ingot was of importance becaus 
shaped forgings could not be made successfully from octago) 
ingots, ete. Due to the fact that ingots are cast in a strained co: 
heat treatment and soaking was of first importance. 

The temperature of forging should be closely controlled as 
temperatures caused burnt material and too low a temperatu 
ruptures. The importance of immediately putting forgings ba 
furnace after forging was stressed, as it prevented cracks from d 


aeve 


in the forging on cooling lown. The design of the forging should ly 
fully considered because many times prints of forgings are sent ir 
are of very poor design and for that reason it is advisable for the custom 
to work with the forger to obtain a first class product for his 
need, 

A number of good points were brought out in an open discussio 
die blocks and Mr. Finkl discussed the heat treatment of die blocks 
the steel used. 

This meeting was one of the largest in point of attendance this 
and was one which showed the interest of the members for Mr. F 
subject. 


NEW YORK CHAPTER 


We reproduce here in small size one of the pieces of publicity 
to draw a crowd to the last meeting of the New York Chapter. Whet! 


it was the extensive advertising, or the memory of a good time last 
the fact is that two hundred and forty members and their friends sat 
to dinner on St. Patrick’s evening in the grand ball room of the H 


McAlpin for the annual banquet and frolic of the section. S 


1) 
Liit 


more than local atmosphere was given to the occasion by the presenc 
National President Bird, Past President Bidle and National Se 
Eisenman. Several members from other sections ‘‘happened in’’; am 


them being Chairman Collins and J. R. Adams of the Philadelphia s 

At the speakers’ table was also Dr. George Yee Ying, Professor 
Metallurgy, Metallography and Physical Chemistry, of Shanghai ln 
versity, China, a welcome guest of honor. Fortunately the } 
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1! EVENT !! 
EXTRAORDINARY 


3rd = ANNUAL - 3rd 


HEAT TREATMENT 


QUENCH «uw DRAW - - - 


American Society for Steel Treating 
» » » New York Chapter + + ~» 


Hotel McAlpin March 17, 1926 


Follow Carefully the Log Below 


6:30 P.M. Preliminary Examination of SpeCimens 
7:00 P.M. First Phases of Heat Treatment 
8:30 P.M. Reach Critical Point ews » 
8:31 P.M. (or before) = QUENCH. -CH—cn 
8:35 P.M. ‘Strong Words from Pres. C& Secy. 
8:40 P.M. -Tech- Nickle SeSsion over” Results 


8: 50 P.M. Draw (a lucky number”) ” 
- - Prizes by Q. Alloy Harris w 

9: re) P. M. Snappy”, Scintil/ating SPeCimens 
Normalized Trans sformation Tess: y 

ramma Iron and her little boy Alf: Martin Seyt . 


9: 30 | P. M. ce Anti- Fati sue ‘Minstrels - 


ur own boys reproduce the hot 7 of the Cleveland Convention 


9: 45 P.M. Test a few more snappy SPeCim€ns 


- 


? P.X. Drain Quenching Solution and go Home 


$3 ALL FOR THE PALTRY SUM OF $3 


(RO RRS EEL TT NRT Es | NSM IRMA TASC 
Tickets while they last from T. N. HOLDEN, Jr. 
careof E. W. Bliss Co. 53rd and 2nd Avenue, Brooklyn, N. Y. 

A PRS NE Se SARE SP A PE ERIN MN phir We cnomac 


Miniature reproduction of the meeting notice for the New 
York chapter meeting held March 17, 1926. The original notice 
was about three times this size. 
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Chapter has among its members two who had spent many 

Orient, so Merica of the International Nickel Company and § 
United States Steel Corporation attended the distinguished for 
sides Chairman Rinek and vice chairman St. John, other mem} 
executive committee (Holden, MeKnight, Gaffney, Dawson a: 
and past chapter chairmen (Thum, Tour, Norris) graced the 
and stood the inspection of the members at large as best the) 

However, the imposing length of the speakers’ table was 
tion of speech making, which, following the precedent of fo: 
was not to be allowed. As the program put it—‘‘ Brevity is 
Wit.’’ That program, by the way deserves more than passi: 
The usual printed matter, referring to the menu, guests and 
bound in a handsomely embossed cover with grayish metalli t1 
St. John, that peerless Roentgenologist, and his man Yap, had 
frontispiece consisting of an A. 8. 8. T. monogram, and a typica 
earrying Irishman, from whose clay pipe arose a ghostlike cloud 
the word ‘‘Smoker.’’ This design was made of metal and oth: 
then X-rayed, making a most ghostly image. Each menu 
photographic print of this excellent plate. 

After dinner, Chairman Rinek introduced E. P. Gaffney of t] 
lock-Lovejoy Company, impresario and master of ceremoni 
fun was on. But first Dr. Ying, the guest of honor, was present: 
address in his native tongue was being translated by Dr. Meri 
loud-mouthed and shirtless intruder crashed the gate, causing a 
He fought his way to the speakers’ table, however, waving somet 
his hand, which turned out to be a laundry ticket calling for on 
shirt. Said shirt was thereupon produced by Dr. Ying, and th: 
steel treater (von Schlutter) was then in a position where he could 
party properly dressed. ‘‘Dr. Ying,’’ on removing his disguise, | 
to be Mr. Yap, Dr. St. John’s assistant, and a well known member 
section. When the audience finished laughing at themselves th 
time to applaud the actors in this stunt! 


With such an introduction it was impossible to take Messrs 


Eisenman and Bidle seriously. Especially when Bill Bidle told stori 


broad German accent, that part of the audience which had not 


met our genial past-president, refused to believe that it was he hims 


The first serious business of the evening occurred when new memb 


joined since the previous year, were introduced one by one, and 
hand. A certain group of these, chosen for their staid demeanor, wer 
escorted to the stage by black-robed KKK ’s for a real initiation. W! 
entire room was pitch dark except for a few flickering candles, a: 
clanking of chains and accompaniment of groans and moans, th: 
were welcomed into A. 8. 8S. T. with impressive ritual and- sounding t! 
of slap sticks. 

For these initiates a brief Tech-Nickle session was held, presi( 
by T. D. Lynchem of the Eastinghaus Company (Chas, MeKnigh' 


important research by Dr. Angel St. Patrick, the eminent metallu: 


I 


Wil 
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se Steel Company was described. In the absence of the author, 
vas read by Dr. E. Z. Dame of Never Ready Batteries (Edgar 
(he author’s abstract follows: 
iper describes some of the alloys of the newly discovered ele 
um. The element is named after the famous worker in steel 
but to mention a certain steel when lo! it becomes a super-metal 
irpose. You are doubtless familiar with the man who first de 
steel which could withstand the attack of apple sauce at room 
re in any concentration. 
element Gafnium is very similar to the element Bolognium with 
alloys in all proportions forming a series of intermetallic com 
none of which are attacked by mice at ordinary pressures. Inas 
me of these alloys are not corroded by wine it is expected that 
find eonsiderable use in the manufacture of bath tubs. 
martensite is formed which resembles that found in the famous soft 
ol bits. This renders the alloys to correspond with the oil-shrink 
n-hardening tool steels. 
alloys show two critical points: AC and DC; especially when 
ed with ferro-geranium. They are typically hypo-cycloid in char 


} 


which adds to the non-coherence of the entire series. 


to the allotropy, we find upon cooling that the first deposited 


ls are delta Gafnium which in turn change, when the material is 


hed into red hot lead from room temperature into alpha Gafnium. 


. Gafnium, however, breaks down into epsilon and eta Gafnium 
lrawn back at 3000 degrees Baumé. At this point a slow aging 
be employed to develop extreme ductility, due to the entire disintegra 
f the mass into gamma Gafnium or goozelite. 

Dr. Dame then drew a tentative diagram, explaining each change in 

system in a very original and entertaining manner. His diagram is 


rodueed below. 


100% Ga 50% Ga 100% Bo 
50% Bo 
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Discussion of this paper was then had from Dr. So Fer of ¢} 
Steel Co. of Arabia (Ancel St. John). Much of this was not 
able to the audience, since it was spoken in the vernacular, bu} 
be gathered that this scientist was prepared to discuss that port 


St. Patrick had left unmapped. Apparently there are so many 


to exhaust the Greek alphabet. The supplementary diagram is gi, 


Rather than construct a ternary diagram, Dr. So Fer re: 
superimposing one upon the other; which he did, (and you ea: 
clearly and dramatically demonstrating that the whole thing wa 
big Bull! 


— TEM’. 





100% Ga 50% Ga 100% Bo 
50% Bo 
After a few songs, dances and stunts by a company otf 
artists, our own boys presented the ‘‘New York Chapter A 
White Face Minstrels.’’ The east included: 
Tambo: Buck Murray, Van. Alloy. 
Basso: Charlie Ballard, Haleomb. 
Bones: Ed Gaffney, Hy-Ten. 
Tenor: George Justice, Steel Corp. 
Interlocutor: Bob Kirke, Q-Alloy. 


This reporter needs only to say that this minstrel show was 


out, even better than the act the same boys put on at the Clev: 


vention last year. 
For this reason, it can be readily understood that the part 
talented members of the New York Chapter was far more appea 


audience than the excellent acts presented by professionals. The | 


entangled itself about midnight, congratulating each other that 


there, and bearing away a feasted stomach, a tickled mentali! 
pocket full of souvenirs. By the way, these consisted of Alund 


hones, from the Norton Company; aluminum ‘‘bones’’ from the 


Die Castings Company; Monel watch chains, from the Internatio! 
Company; Stogies, from Firth Sterling Steel Company, and an em! 


\ 
\ 
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from The Iron Age. Then, too, there was a lucky number draw 
st, H. H. Harris, of Q-Alloys donating the prizes, which were a 
walrus traveling bag, a silver hip flask, and a Japanese pagoda. 
odds, this was the best smoker the New York Chapter has yet 

They are getting better and better. Next year it will be worth 
miles to see. All wandering steel treaters would do well to mark 


hird Wednesday in Mareh, 1927, now, and resolve to be in New 


evening. You’ll be welcome! 


Thum. 
NORTHWEST CHAPTER 


ll. Wickenden, of the research and development department of the 
rnational Nickel Company, gave a talk on March 15, entitled ‘‘ Automobile 


ind Automotive Steels.’’ He discussed the difficulty of obtaining 


data for calculating stresses in various varts of the car due to the 


exity of these stresses. In figuring out the strength to be used in a 


n part the data that has been collected from cars that have given 
service is of greatest value. The great difference in safety factors 
ng static and dynamic loading was very clearly brought out by data 
particular ear in which for static loading it was from 
lynamie loading it was below 1. 

\lr 


20 to 30 while 


Wickenden then selected, by way of illustration, a certain sized car 
showed how the stresses would be calculated for axles, steering knuckles 
hafts. He placed very great emphasis on the design of parts so as to 
atigue failures due to sharp corners, rough machining and abrupt 
in cross section. In case the design is correct and failure still occurs, 
ethods may be used to overcome the difficulty, 

leat treat the steel to get higher pronerties. 

Use a different kind of steel. 

Increase the cross section. 
(he advantages and disadvantges of nickel, chromium-nickel, and carbon 
s were then discussed for the various parts in regard to heat treatment, 
ng, machinability, ease hardening and other operations in production. 
"he material Mr. Wickenden presented was interesting not only to the 
tallurgists but also to the designing engineers and shows that greater co 


g 
ration is necessary between these two groups in order to get the best 


he large attendance at the meeting showed the great 


interest in the 
if automobile steels. I 


J. Weber. 
PHILADELPHIA CHAPTER 


order to accommodate some of the speakers, the regular February 
ing was postponed to March 


eet 


5 and on that date the Chapter had as its 
the members of the Philadelphia Foundrymen’s Association Inc. 

he first paper of the evening was presented by H. A. Schwartz, manager 
esearch, National Malleable and Steel Castings Company, Cleveland, and 
rman of the Cleveland Chapter. Mr. Schwartz’s paper dealt with the 


of manufacture, properties, application and the theoretical metallurgy 





| 
. 
| 
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of malleable cast iron and the paper was presented in Mr. Schy 
interesting and lucid manner. 


The second paper was presented by F. R. Palmer, metallur; 


Carpenter Steel Company, Reading, Pa. Mr. Palmer had for 


** What happens when High Speed Steel is Quenched’’. It is alway 
to listen to Mr. Palmer and he brought out some interesting po 


subject. 
30th papers elicited a good deal of lively discussion. 
A second meeting is scheduled for March 26, when Mr. 


thwaite, vice president, Henry Disston & Sons, Inc., is scheduled to 


meeting. a a 
PITTSBURGH CHAPTER 


The Pittsburgh Chapter held its March meeting on the ev: 
ith in the U. S. Bureau of Mines Building. 

The usual supper preceding the meeting was served in the 
6:30 p. m. and was well attended. 


At eight o’clock, Chairman O. B. MeMillen called the meeting 
and conducted a short business session during which the several 


chairmen, including the chairman of the nominating committee, m: 


reports. 


Having completed the chapter’s business, the chairmar 


Professor James Aston, who has recently been appointed the head 


Department of Mining and Metallurgy at the Carnegie In 


Technology, as the speaker of the evening. 


Professor Aston’s subject was, ‘‘The Trend of Development 
Wrought Iron Industry,’’ and it proved a most interesting on 


torieally and in the description of old and new processes in t! 


An outline of this talk follows: 


The introduction to the subject was a summary of historical 


i 


from the early use of iron among the ancients, involving direct 


from the ores, to the invention of the puddling process by C 


which is in reality the foundation of the wrought iron industry 


today. The Age of Steel began with Bessemer’s invention of the pn 


process of making steel in 1855, and Siemens development of 


hearth furnace in 1861. 


Wrought iron has an established place in industry for servic: 
welding, shock resisting and corrosion qualities are important. 
eral method of manufacture of quality product today requires hard 
of skilled workmen, with small heats and small daily output per 
necessity the cost is high in comparison with steel. Costs which 
or so ago were only slightly in excess of steel, are now seventy; 
cent or more above steel for some commodities, due to the skyrocket 
trend in labor rates and the effect upon those industries which 


dependent upon hard labor. 


Mechanical puddling has, been given much attention for yea! 
out success in most efforts. This has been due largely to diff 





PSs ft 


ny 
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ee of furnaces, to unsatisfactory or irregular quality of the 
end beeause costs have not in general been as low as expected. 
era of experiment was about the time of the invention of the 
process. A typical example of a mechanical puddler of that time 
ace which followed very closely much that is embodied in sev- 
ices of today. This mechanism failed after partial success be- 
noor refractories which were available then, because of lack of 
knowledge and facilities for examination which are today avail- 
heeause of little or no saving over hand-puddling costs, due to 
low labor rate. 
sutstanding need of the wrought iron industry is greater tonnage 
irticular a lower cost in comparison with today’s spread over steel. 
must be maintained and large unit masses are preferable in order 
he economies of large reductions on large mills without the neces 
course to existing methods of repiling. 
is a greater activity in mechanical puddling today than ever be 
part beeause of the increasingly high cost and the need for ton 
Five distinet efforts are worthy of consideration. Four, are 
cal puddling furnaces depending upon rotation or oscillation of the 
e to agitate the bath, and.these secure the effect obtained by the 
rabbling a heat. While each of these four methods has some 


x feature of design, construction or operation for which superior- 


none 
( 


s claimed, all in essential features follow the same scheme in produc- 


the pi ddled ball. 


Roe, Ford, Hibbard and Ely furnaces were considered separately 
note of the outstanding features of each and the present status of 
thods. 
or several years the speaker has been actively associated with an 
mental development for which he was sponsor, which is a radical 


ture from most mechanical puddling attempts. It is a synthetic 


for production of wrought iron in several independent but inter- 
steps. The base metal is produced by standard steel making 

This slagless metal is poured into a bath of slag of puddling 
acteristics. The slag acts as a chilling agent for the metal which has 
tusion temperature several hundred degrees above that of the slag. In 
resultant almost instant solidification of the metal, the rapid elimina- 

{ gases dissolved in the liquid metal, together with such carbon 


as may be formed by reaction of metal and slag, the metal dis- 


and forms a spongy mass of pasty metal, the interstices of 
filled with liquid slag entirely like a well worked puddle ball. 


ss slag required for the process may be poured or drained off and 
is compacted into a bloom in a suitable squeezer or press. Ex- 


heats of about 800 pounds each were ‘‘shotted’’ into rectangular 


molds and the bloom was formed by squeezing the mass in the 
der a hydraulic press. About 850 heats have been produced ex 
ally and the shotting principle has never failed; in fact, it is 


of natural laws of solidification. 


a 
The material produced has 
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been of excellent quality and has been made into bar, skelp 
entirely normal characteristics. 

The process lends itself to entire control of the several si 
the material with equipment and skill closely paralleling the stee} 
Costs will be quite in line with those of steel making for like e¢ 
and magnitude of production. There are possibilities of special 


metals or slags which cannot be achieved by hand or mechanical pydq) 


and special wrought irons for unusual service conditions may, ther 
be a possibility for the future. 

At the conclusion of this talk, many interesting questions 
among which the question as to whether wrought iron of today wa 
good quality as that of years ago, aroused considerable diseussio: 

Harry A. Neeb. J 
ROCHESTER CHAPTER 


The Rochester Chapter of the A. 8S. 8. T. held its 67th meeting Ma 
8 at Rochester Athenaeum and Mechanics Institute. The meeting prop: 
preceded by the regular monthly dinner. 

A short business meeting was held and a report of the visit of the \ 
tional Officers, R. M. Bird, and W. H. Eisenman, was given to the members! 

After the business meeting the speaker, E. E. Thum, of the Union Carb 
and Carbon Company was introduced. One t1eel of motion pictur 
‘*The Assembling of an Oxyacetylene Torch’’ was shown. Mr. Thum the 
gave a very interesting talk on his subject, ‘‘ Heat Treatment With The Oxy 


; 


acetylene Flame. ’’ C. F. Watt 
SYRACUSE CHAPTER 


The regular monthly meeting of the Syracuse chapter was held on M 
9 at the Onondaga Hotel. Mr. E. E. Thum of the Union Carbide and Car! 
Company was the speaker of the evening, his subject being ‘‘ Heat Treatment 
with the Oxyacetylene Flame.’’ 

The speaker first showed a one-reel moving picture illustrated t 
hook-up of the gas cylinders, their gages, tubes and blow pipes. Then h 
something about the history and properties of acetylene; the accident: 
eovery of calcium carbide during an attempt to produce metallic sodium; t 
interesting fact that both extremes of the temperature range are 
the manufacture of the bases for the oxyacetylene flame, namely the tem| 
ature of the electric are to produce calcium carbide from which acetyle 
made, and the temperature of nearly absolute zero to make liquid air fro! 
which oxygen is produced by fractional distillation. 

Acetylene is not used in heat treating as a fuel for furnaces or 4s 
carburizing medium. Where it is used, it is used in the form of th 
acetylene flame from a blow-pipe. The advantages claimed for it ar 

(1) a convenient and ready source of heat 

(2) a very rapid heating to high temperatures 

(3) a very easily regulated flame which can be made practically u 

The oxyacetylene flame can be used for hardening, drawing or annealing 
It finds its greatest application in production heat treating as a sou! 
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irdening where one or more points on a piece are heated rapidly to 
ture above the critical and the piece is then quenched, leaving the 
except for the desired hardened spots; or the converse of this, 

ft spots for machining on a piece that has been hardened all over. 
ter method has been used on carburized parts where copper plating or 
of some kind had formerly been used to prevent carburizing certain 
the piece. The oxyacetylene flame has been 


used in hardening high 
the tools and milling cutters. An interesting 


use has been found for 
not hardening malleable castings. Ordinarily, malleable 
iable, but apparently the very rapid heating by 


is considered 
the oxyacetylene 
ses some of the graphite to go into solution and when the piece 
nehed martensite or troostite is formed. 
| treaters should bear in mind that heat treatment with the oxyacetylene 
is not recommended as a universal practice, but they should remember 
there is such a medium for heat treating and that for certain jobs it is 
y convenient but sometimes necessary. P. Peskowitz. 


ST. LOUIS CHAPTER 


“ 


March 12, at the University Club, the St. Louis Chapter had the 

ire of a visit from R. M. Bird, our National President, and W. H. 
enman, our National Secretary. The national officers met with the of 
ers and active members of the chapter. President Bird had a well- 
rked out plan for getting the opinions of the chapter regarding the 
resent and future program of the Society. 


All points were discussed at 
and Mr. Bird and Mr. Eisenman left 


us with greater enthusiasm, a 
concrete program, higher hopes, and a goodly share of his vision for 
future. 

Just one week later, on Mareh 19, the chapter held its regular monthly 


ting at the American-Annex Hotel. A pouring rain was not enough to 


good attendance away; and sixty members and guests turned out to 
ear the speaker of the evening, T. H. Wickenden, development and re- 
department, The International Nickel Co., New York City. He de- 
vered an instruetive and interesting paper entitled ‘‘ Automobile Design 
\utomotive Steels,’’ illustrated with lantern slides. 
Mr. Wickenden very ably discussed the need for strength in the vital 
parts of automobiles; such as axles, steering knuckles, transmis- 
piston pins, crankshaft, ring gears, ete. 


¢ 


S OT 


He compared the endurance 
carbon and alloy steels and dwelt on their safety factors. Alloy 
s from greater torsional strength, tensile strength, and resistance to 
tend to lighten the car without reducing its durability. Mr. 
nden stressed the design of automobile parts, and in one striking 
istrated how a sharp angle in a one inch keyway would be enough 
by 50 per cent the resistance to fatigue of a large fly wheel. 

nore commonly used S.A.E. steels were described, as well as the selec- 
each steel in its proper place. Oil hardened and case hardened 
were discussed and the advantages and disadvantages of each were 
Our speaker also very generously gave the chapter some inter- 
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esting information regarding new experiments of nickel in cast 
subjects brought up some lively discussion. Every one enjoy 
talk and appreciated Mr. Wickenden’s coming. Ala 


TRI-CITY CHAPTER 

The March dinner meeting of the Tri-City Chapter of t] 
Society for Steel Treating was held Thursday evening, March 18. a; ; X-1 
LeClaire Hotel in Moline. There were ubout sixty members ar 
the local chapter in attendance at this meeting. T. H. Wickend 
engineer of the International Nickel Company, New York | 
paper on ‘‘Automobile Design and Automotive Steels,’’ the ta 
lustrated with lantern slides. 

In this paper Mr. Wickenden illustrated the different meth: 
determining whether an automotive part requires the use of 
alloy steel and, moreover, concrete examples were given of how 
and factors of safety in front axles, rear axle drive shat 
knuckles and other automobile parts were determined. Mr. \\ 
further showed why certain steels were used to meet th 
ditions of stress dwelt upon. 

This paper stimulated considerable discussion which proved 
presentation was a very interesting and valuable one. 

C. H. Burgston, chairman of the Tri-City Chapter, announce 
next meeting would be held on Wednesday, April 7, at which time \ 
Schwartz, National Malleable and Steel Castings Co., will 
chapter on the subject of ‘‘Malleable Castings.’’ 


address 


WASHINGTON-BALTIMORE CHAPTER 


At the February meeting of the Washington-Baltimore Chapter 
on Friday, the 19th, P. E. McKinney, chairman, announced the resignat 
as vice-chairman of W. H. White, due to the latter having left Was! 
ton, and the appointment by the Executive Committee, to fill th 
term, of Emil Gathmann, of Baltimore. 


The speaker of the evening was Edgar C. Bain of the Union Car! 
and Carbon Research Laboratories, his subject being ‘‘The Applicatior 


X-rays to Metallography.’’ Some thirteen or fourteen years hav 
elapsed since X-rays were first diffracted by crystals, but in that time » 
by many investigators has amassed a tremendous fund of informat 
both theoretical and practical importance. 

Mr. Bain first considered the fundamental phenomena of X-ray 
fraction. The X-radiation is similar in character to light but of 
length generally between that of ultra violet light and the ra 
emitted by the radio-active elements. Although the term diffractio: 
eurately applied to the phenomena observed in the passage of A 
through crystalline material, the action is conveniently considered as 
flection since the angle of incidence measured on any atomi 
equal to the angle at which the ray leaves that plane. Thus the phenome! 
discussed differ from those of light diffraction in that in the latter, ou! 
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of regularly spaced disturbing points are required whereas for 

of the effects discussed in the case of X-rays, a series of layers 

‘ints is necessary in order to produce the desired interference 

‘hese effects are made possible through the fact that the atomic 

n erystalline materials are of the same order of magnitude as 

ve lengths. The angle of reflection varies with the relationship 

the particular atomic spacing and wave length used in any case 

with knowledge of one, the other can be obtained by com- 

Mr. Bain showed by slides the details of the effects of an im- 

o X-ray beam on a series of layers of atoms and then upon the vari 

‘ipal planes of a single cubic crystal. 

details of the equipment used in the Hull or Debye-Scherrer 

were then explained along with the method of operation. This in- 

he source of power, the wiring, the source of X-rays and the 

eal features of the equipment including that for photography. The 

nsity of the souree is controlled by adjustment of the temperature of 

tron-emitting filament, and the wave length intensity distribution 

X-rays controlled by the potential difference between the filament 

the target in the X-ray tube. A slit is used to control the size and 

of the beam and a filter employed to obtain as nearly as possible 

chromatic radiation. The filtering material should have a natural 

of vibration close to the chosen one of the impinging beam and 

d scatter the beam as little as possible. For a molybdenum target, 

im or its salts are useful as a filter medium. The reflected X-ray 

ms from various planes of atoms, according to their phase, intensify or 

each other, thus producing a series of cones of different in- 

by intersecting these cones with a film forming an approximation 

rt of the surface of a sphere whose center is at the apex of the 

much computation is saved through the simplification of the rela- 
ship of linear dimensions on the film to the atomic spacing. 


ine 


use of a single erystal in the study of atomic spacing would re- 
lire rotation of that crystal into all possible positions in order to obtain 
in respect to the arrangement of its atoms. By the use of a powdered 

or a poly-crystalline one in which all possible orientations are 
at the same time, a single exposure results in a record on the film 
ll the details of the atomic arrangement. An intermediate condition 
frequently found in the form of poly-crystalline metals containing only 


i small number of crystals (usually macroscopically visible); in such cases 


+ 
it 


dashed pattern on the film, rather than a continuous one, results. The 
efi ting power of 


the elements for X-rays increases with increase of 
tomie weight. 


An excellent illustration of this is found in silver chloride 
which both series of atoms give patterns characteristic of cubic crystals, 
t with one set of lines (due to the silver atoms) very intense and the 
of lines proportionally weakened. The speaker closed his discus- 
of the fundamentals by showing the atomic pattern of all the com- 
tals and pointing out the similarities in certain properties among 
lements having similar internal structural features. 
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In proceeding to the application of X-rays to the study 
ture of metals, the methods of analyzing the photographie dat re dis yr" 
eussed and the chart developed by Davey to shorten the ti 
painstaking analytical work, was explained. A method was described 
sisting in the examination of X-ray spectra due to the natura 
of X-rays by metals, when bombarded by rays of suitable 
By this method, there are produced by each metal, characteristi: es « 
so essentially indicative of the element that small amounts 
tected, thus furnishing a sensitive means of qualitative structur: 
These characteristic lines represent decreasing wave lengths wit as 
ing atomic weights of the elements. This is the classical work of Mos 

Some of the earlier problems that presented themselves in 
eation of X-ray work to metallography were naturally studies of 
and the nature of solid solutions. The work done has shown the non-exis 
of any definite crystalline entity—beta iron. In speculating 
mechanism of the transformation of gamma iron to alpha iron, it is 
esting that when viewing a series of fauce-centered cubes of gamn 
assembled together, the atoms may be also considered as forn 
centered tetragonal crystals. These tetragonal crystals hav 
sectional area and greater height than the body-centered cubes 
and therefore by upsetting it would be possible to produce the 
appears that in hardened steel this actually takes place, but th 
is not quite complete. Martensite freshly formed by quenching se 
show this condition and is therefore poorly crystallized alpha iro 
alpha iron in which the normal eube fcrmation and dimension: 
been fully attained. 

Excellent photographie films have been obtained as a result 
reflection from deeply-etched polished sections. Austenite is in 
less soluble in etching reagents than are other constituents of hard 
steels and by removing all except the austenite on a thin surf: 
is possible to obtain X-ray patterns of the undissolved metal m 
interfered with by patterns of the other constituents; this method has | 
firmed the presence of small amounts of austenite in hardened steels 

Orientation of electro-deposited layers has been found by X-rays 
be preferential in the case of certain metals, namely—nickel, cobalt 
iron; certain series of atomic planes in the crystals are always | 
to the surface upon which the metal is deposited. Cadmium and 
posit with random orientation. it appears possible that the atoms ot 
ferro-magnetic elements are affected in respect to orientation, by the mag 


netic field of the unidirectional current of the plating operation. It 
been found also that cold working causes all deformed crystals 
toward the same orientation. This is most pronounced in metals crys! th 


lizing in the body-centered cubie system; in the metals of the fac: 
cubic system there is a tendency for the atoms to line up in two 
possibly because there are two sets of planes in these crystals 
slip is about equally easy. 

In a cored or dendritic crystal of an alloy of two mutua 
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tendeney exists for all atoms to show the same orientation in a 
vstal, but a varying atomic spacing due to the variation in pro 
of the two elements present, from the center to the surface of the 
» from the center of a dendrite to the center of the filling. 
the discussion of this most interesting paper an extremely wide 
f topies was brought before the meeting: 

The difference in constitution of high manganese steels hardened 
by cold work and hardened by tempering. 

rhe hardness on tempering of the low alloy tool steels as related 
to the decomposition of the initial martensite and initial austenite. 
lime effects in the tempering of high speed steel at different tem 
peratures in respect to decomposition of the original austenite or 
martensite. 

The possibility of light being thrown by X-ray studies upon 
problems of dendrite control in the solidification of large masses 
of commercial metals. 

The difficulties thus far experienced in studying the growth of 
particles of constituents in metals when present in small size-and 
small total volume such as CuAl, and Mg,Si in duralumin, 

The lattice arrangement of the solution of carbon in gamma iron 
as developed by different investigators and the various facts con- 
cerning this solid solution that must be harmonized by any com 
pletely satisfactory theory. 

The possibility of settling by X-ray means the question of the 
constitution of the surface layers in small and large caliber 


ordnance due to erosion. Jerome Strauss. 


WORCESTER CHAPTER 


regular monthly meeting of the Worcester Chapter was held the 
of Mareh 4 at the Hotel Warren. Forty-four members and 
the luncheon served at 6:30 p. m. 


guests 
rhe speaker for the evening was J. M. Watson, metallurgical engineer 
the Hupp Motor Car Company of Detroit, Michigan. Mr. Watson’s 
subject, ‘The Manufacture and Heat Treatment of Automobile Parts,’’ 
was given in connection with the showing of a motion picture taken at 

Hupp plant. 

Automotive manufacturers have been confronted with the problem of 
lucing weight and at the same time increasing the strength of the vari- 
is parts. Therefore, the heat treatment of steel is a vital and important 

feature in automobile making. The pictures show that the new heat treat- 
ig plant of the Hupp Company is most complete and modern. The con- 
ious oil-fired furnace, automatic quenching mechanism, pyrometrie con- 
‘rol and hardness testing show conclusively the completeness with which 
is company has equipped its heat treating department. Figures as given 


Mr. Watson show that it was completely justified and a source of hand- 
some returns, 


lhe annealing of east iron has been found to save the company money 
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and all casting are now annealed before entering the machine sh, 


process does away with hard chilled surfaces and hard spots, therefoy, | 

increased tool life and production has been found to more than justify 4, 

annealing operation. At the end of Mr. Watson’s talk numbers of uestio 

were asked regarding the heat treating problems, which were very 4}) 

answered. It was during this open forum that the speaker made his 

that all companies adopt a universally known set of steel specifications 

rather than an individual set. He pointed out that individual sets not o) - 

made it much harder for the steel maker, but that the S. A. FE. list inelya, 

all grades, were made up standard, and were recognized by all jobbers 4) 

sellers. \ 
During the meeting the chairman, W. C. Searle, read the resigna; \\ 

of L. D. Granger, vice-chairman and in charge of the program for the you 

Mr. Granger has been transferred to New York. The loeal chapter 4) 

miss him as he has always been a hard worker for the chapter’s hes \) 


interests, BR. D. Cla 





NEW MEMBERS 


NEW MEMBERS OF THE AMERICAN SOCIETY FOR STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A represents Associate 
Member; S represents Sustaining Member; J represents Junior Member; and Sb 
onregents Subscribing Member. The figure following the letter shows the month in 
wt the membership became effective. 
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NEW MEMBERS 


\nams Co., J. D., (8-1), 217 S. Belmont Ave., Indianapolis. 

yous, HERBERT, (M-3), 2957 Minnie Ave., Cleveland. 

\LLEN STEEL Co., Ep@ar, (8-12), G. R. Bennett, Chicago. 

\LLEN IRON AND STEEL Co., (8-1), Philadelphia. 

\werRICAN CAN Co., (8-2), Oscar Malmquist, superintendent, San Francisco 
Machine Shops, San Francisco, 

\\yeRICAN GAS FuRNACE Co., (S-2), Elizabeth, N. J. 

\MERICAN STEEL AND ‘WIRE Co., (S-2), (R. C. Helm), Worcester, Mass. 

\MERICAN STEEL AND WIRE Co., (S-2), Worcester, Mass. 

\rLAS STEEL Corp., (S-3), 1437 Franklin St., Detroit. 

\upeT, I. B., (M-2), heat treater, New Departure Mfg. Co., 115 Federal St., 
Bristol, Conn. 

RACHTIGER, FrREDA, (M-1), laboratorian, U. 8. Navy Yard, Philadelphia; mail, 
Huntingdon Valley, Pa. 

BARNES, CHARLES, (M-9), 1824 S. 24th St., Philadelphia. 

Rares, N. S., (M-2), factory manager, Hartford Special Machine Co., 287 
Homestead Ave., Hartford, Conn. 

Kausn, J. R., (M-1), engineer, Dodge Steel Co., State Road, Tacony, Phila- 
delphia. 

Beacu, C. H., (8-9), Indianapolis. 

KETHLEHEM SHIP BurLtpIne Corp., Lrp., (8-2), E. Essner, San Franciso. 

KierBAUM, C. H., (M-3), vice-president, Lumen Bearing Co., 197 Lathrop St. 
Buffalo, N. Y. 
TNER, L. H., (A-3), assistant district sales manager, Atlas Steel Corp. 
970 Union Trust Bldg., Pittsburgh. 

boston, O. W., (M-1), associate professor of shop practice, University of 
Michigan, Ann Arbor, Mich. 

BRADSHAW, CAMPBELL, (M-2), managing editor, Maclean Publishing Co., 15: 
University Ave., Toronto, Ontario. 

Brorz, F. G., (M-2), superintendent, Kohler Co., Kohler, Wis. 

brown, S. F., (S-3), agent, Whitinsville Spinning Ring Co., Whitinsville, Mass. 

BRUEDER BOyE OreNnBav, A. G., (Sb-1), Rigaer Strasse 56, Berlin, Germany. 

BucKLEY, 8. S., (A-2), Onondaga Steel Co., Syracuse, N. Y. 

Byrns, J. M, (J-3), student, Case School of Applied Science, mail 1466 
Grace Ave., Lakewood, Ohio. 

VALLAHAN, M, V., (M-12), hardener, Midvale Steel, Co.; mail, 31 W. Logan 
St., Germantown, Philadelphia. 

‘ARPENTER STEEL Co., (8-2), H. J. Joyce, Indianapolis. 

‘AWTHRA, WM., (M-2), foreman, drop forge department, O. K. Tool Co.; 
maul Myrtle St., Shelton, Conn. 
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CHARLESWORTH, WM., (M-3), blacksmith, Associated Oil Co., ma 
Concord, Calif. 

CHICAGO NIPPLE MANUFACTURING Co., (8-2), Walter McBroom, 
Chicago. 

CLEVELAND, B. C., (M-2), vice-president, Myall-Wallace Co., 6236 La: 
Chicago. 


reas 


COCKRELL, W. L., (M-2), research engineer, Midvale Co., 219 A 
Germantown, Philadelphia. 


DSley Wy 


COHN, WILLIAM, (S-3), assistant general superintendent, Columbia 


Ste 

Corp., San Francisco, 

COLONIAL STEEL Co., (8-12), H. M. Bray, district manager, Chicago. 

COLUMBIA STEEL Corp., (S-3), William Cohn, assistant general gy), 
intendent, San Francisco. 

COLUMBIA Too. STEEL Co., (8-1), FP. A. Terry, district sales manager; 
112 West 2nd St., Cineinnati. 

CONTINENTAL Woop Screw Co., (8-12), P. Sweeney, treasurer and gen 


manager; mail, 459 Mt. Pleasant St., New Bedford, Mass. 

CRAMER, R. L., (M-3), engineer, Penn Spring Works; mail 18 Grove § 
Baldwinsville, N. Y. 

CRUCIBLE STEEL Co. OF AMERICA, (S-2), C. W. Mayer, district 
mail 437 8. Illinois St., Indianapolis. 


manag 


CuTLeR, H. J., (M-3), engineer of tests, 155 Butler Ave., Buffalo, N. Y, 

DaLLAs, L. E., (A-2), salesman, Columbia Tool Steel Co., 112 West 2nd Si 
Cincinnati. 

DELANEY, H. J., (M-2), foreman heat treating, Continental Motors Cor 
mail Box 334, Muskegon, Mich. 

Dient, R. C., (J-2), student, Ohio State University; mail, 176-L5th Avy 
Columbus, Ohio. 

DoyLE, J. A., (A-6), W. 8S. Rockwell Co., New York City. 

Ep@comsB Sree. Co., Inc., (8-1), C. H. Storm, Philadelphia. 

ELECTRO DENTAL MANUFACTURING Co., (8-12), David Keller, representativ 
mail, 33rd and Arch Sts., Philadelphia. 

Enos, G. M., (M-3), instructor in metallurgy, Department of Chem 
Engineering, University of Cincinnati, Cincinnati, Ohio. 

EssNner, E., (8-2), Bethlehem Ship Building Corp., Ltd., San Francisco 

FARRINGTON, R. P., (M-2), vice-president and treasurer, Heintz Manufac' 
ing Co., Front and Olney Sts., Philadelphia. 

LANDERS, H. E., (J-3), student, Chemical Bldg., Iowa State College, Ames 

Lowa, 

Fow ter, J. S., (S-2), metallurgist, Pacific Foundry Co., 18th & Harrison st 
San Francisco. 

Fox Automotive Corp., (S-12), 4680 N. 18th St., F. Henke, represen! 
Philadelphia, 

FRASSE AND Co., Perer A., (S-12), A. B. Mead, vice-president, Wissihickor 
Ave. and Hunting Park, Philadelphia. 

IREDERICK, W. J., (M-2), metallurgist, Duff Manufacturing Co., Pittsburg 

mail, 61 Amherst Ave., West View, Pa. 
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NEW MEMBERS 


HERRN JuLIusS, (Sb-1), Zimmer Strasse 19, Berlin, Germany. 
JupcE Evsert H., (Honorary Member), United States Steel Corporation, 
77 Broadway, New York City. 
rN, E. J., (M-1), foreman metal shop, Naval Air Craft Factory, 5646 
Hazel Ave., Philadelphia. 
uArp?T, J. C., (8-3), manager Michigan District, Atlas Steel Corp., 1437 
’ranklin St., Detroit. 
cepnarpr, BE. H., (M-2), draftsman, Hall Scott Motor Co., 4051-25th St., San 
Franciseo. 
xp, M. S., (M-1), chemist, Philadelphia Navy Yard; mail, 735 Noble 
St.. Norristown, Pa. 
cievorp, A. J., (S-3), treasurer, Leland-Gifford Co., 1025 Southbridge St., 
Worcester, Mass. 
ers, C. G., (M-2), receiving and traffic manager, Heintz Manufacturing 
Co., 7237 Claridge St., Philadelphia. 
iam, S. L., (A-2), salesman, Illinois Steel Corp., 425 E. Water St., Mil 
waukee. 
GuMAELIUS, ARvID, (M-2), works manager, Gimo Osterby Bruk, Darmemora, 
Sweden. 
Haase. T. A., (8-2), Jewell Steel and Malleable Co.; mail, 1375 Potrero 
(ve. and 25th St., San Francisco. 
HageNBucH, B. R., (M-3), troubleman, Dodge Brothers Corp., 13573 Wisconsin 
Ave., Detroit. 
Haut Scorr Moror Car Co., Inc., (8-2), Oakland, Calif. 
HAMILTON, K. C., (M-1), apprentice engineer, National Tube Co., 513 Park 
Ave., Ellwood City, Pa. 
HANNOLD, J. R., (M-3), millwright, Fayette R. Plumb, Inc.; mail 4837 James 
St., Frankford, Philadelphia. 
HARRINGTON, R. H., (J-3), student, University of Michigan; mail 444 8. State 
St., Ann Arbor, Mich. 
HECKSCHER, LEDYARD., (S-3), president, Alan Wood Iron & Steel Co., 1808 
Widener Bldg., Philadelphia. 
Hipert, CHAs., (M-3), superintendent rolling mill, Edgewater Steel Co.; mail 
723 Washington Ave., Oakmont, Pa. 
llorrMAN, H. D., (J-1), student, Massachusetts Institute of Technology; 
mail, 211 Audubon Rd., Boston. 
HOGAN, E. J., (M-11), clerk, Crucible Steel Company of America; mail 1218 
Avery Ave., Syracuse, N. Y. 
HouMEs, C. W., (M+2), chemist and metallurgist, Standard Steel Spring Co., 
209 Pennant St., Pittsburgh. 


llorkins, W. M., (A-3), salesman, Columbia Tool Steel Co., Chicago Heights, 
[1], 


HouGHTON AND Co., E. F., (S-1), R. W. Justice, Steubenville, Ohio. 


llowLey, J. P., (M-2), chemist, Pratt and Whitney Co., 288 Washington St., 
Hartford, Conn. 


ELL STEEL AND MALLEABLE Co., (S-2), T. A. Haase, San Francisco. 
JOHNSON GEAR Co., (S-2), Berkeley, Calif. 
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JOHNSON, HANS, (A-3), manager, Wm. Jessop & Sons, Ince. 
Austin Ave., Chicago. 


> ha My, N 


JOHNSON, J. H., (A-2), salesman, Firth-Sterling Steel Co.; mail, 
field St., Irvington, N. J. 

JONES, J. H., (A-2), service man, Crucible Steel Company of Ameri 
650 W. Washington Blvd., Chicago. 

KEELING, W. M., (M-2), engineer, Western Electric Co.; mail 426 N, \ 
Ave., Chicago. 

KELLEY, 8. L., (M-1), molder, Naval Air Craft Factory, 2528 8S. Jess 


Philadelphia. 
KLEESPIES, H. 8., (M-2), heat treating, Gulf Refining Company, 1840 sth g; 


Port Arthur, Texas. 
LEACH, M. R., (J-2), student, Lewis Institute; mail 
Chicago. 
LELAND-GIFFORD Co., (S-3), 1025 Southbridge St., Worcester, Mass. 
LINDBERG STEEL TREATING Co., (S-11), A. N. Lindberg, president, Chi 
Loos, E. A., (M-3), chief chemist, Carpenter Steel Co.; mail 43 Exeter § 
Reading, Pa. 


2 So. Mayfield A 


CavO 


Loucks, J. D., (J-2), apprentice machinist, Diamond Chain and Manufactw 
Co., 3120 Kenwood Ave., Indianapolis. 

LUDLUM STEEL Co., (8-2), P. E. Floyd, district manager, Chicago 

Lueck, H. L., (A-3), salesman, Bethlehem Steel Co.; mail 1000 Matson b 
San Francisco. 

Lyons, H. G., (Sb-1), The Science Museum, South Kensington, London, 8. \\ 
7, England. 

MACAULAY Founpry Co., H. C., (8-2), William Olsen, Berkeley, Calif. 

MAGUIRE, J. J., (A-2), salesman, Edgar T. Wards Sons Co., P. O. Box 472s 
Sta. E, Philadelphia. 

MALMQuIST, Oscar, (8-2), superintendent San Francisco Machine Shop, An 
can Can Co., 499 Alabama St., San Francisco. 

MAyeEr, C, W., (S-2), Crucible Steel Company of America, 437-439 So. Illi: 
St., Indianapolis. 

McCormick, T. F., (J-2), student, Ohio State University, 65-15th A\ 
Columbus, Ohio. 

McDoNALD, J. A., (A-2), salesman, Crucible Steel Company of America, : 
West 3rd St., Cincinnati. 

MEHALEK, JULIUS, (J-1), student, Temple University; mail 1348 N. Myrtl 
wood St., Philadelphia, 

MEINHART, W. L., (J-2), student, University of Michigan; mail, 50: 
Jefferson St., Ann Arbor, Mich. 

MESSENGER, G. P., (M-2), metallurgist, Pettibone and MuNiken Co., 4°! 
West Division St., Chicago. 

MITCHELL, E. F., (A-2), sales manager, Southern Manganese Steel ( 
6600 Ridge Ave., St. Louis. 

MOELLER, E. J., (M-3), factory manager, Western Screw Products o.; ™ 
3345 Minnesota Ave., St. Louis. 

Morrison, E. L., (M-3), laboratory assistant, Dodge Brothers; mat! Yo 

Palmer, Apt. 21, Detroit. 


NEW MEMBERS 


BE. A., (A-2), salesman, Columbia Tool Co.; mail, 17602 Hilliard 
lakewood, Ohio. 
_O. G., (A-2), sales representative, Jones and Laughlin Steel Corp. ; 
_ 3507 Carrollton Ave., Indianapolis. 
HAVEN CLOCK Co., (S-2), W. E. Chamberlain, superintendent, New Haven. 
x, W. E., (M-1), superintendent, Sheet Mills, Universal Steel Co., 
sridgeville, Pa. 
J. W., (M-3), plant superintendent, Fayette R. Plumb, Inc.; mail 


i837 James St., Frankford, Philadelphia. 


PIVAT AN» 


D. J., (M-2), foreman, heat treating department, Pratt and Whitney 
o., 229 Canfield Ave., Hartford, Conn. 
KE. F., (A-3), salesman, Columbia Tool Steel Co.; mail 552 W. Lake 
t., Chicago. 
.seEN, WILLIAM, (S-2), superintendent, H. C. Macaulay Foundry Co., 6th 
and Carlton Sts., Berkeley, Calif. 
\wens, CG. R., (A-2), industrial heating specialist, General Electric Co., 116 
New Montgomery St., San Francisco. 
sctric Founpry Co., (8-2), 18th & Harrison Sts., San Francisco. 
‘eK CHEMICAL Co., (S-2), 3467 Lovett St., Detroit. 
er, B. A., (M-1), chief draughtsman, Heintz Mfg. Co.; mail P. O. Box 95, 
Ardsley, Pa. 
[LADELPHIA ELEcTRIC Co., (S-4), Chas. E. Russell, Philadelphia. 
uLLips, B. H., (A-15), salesman, Columbia Tool Steel Co.; mail 9275 Otsego, 
Detroit. 
, ©. H., (M-3), seeretary, Hartford Machine Screw Co.; mail Box 173, 
Sta. A., Hartford, Conn. 
LHAMUS, A. W., (J-2), student, Paterson Vocational School; mail, 17 Boyle 
Ave., Totowa Boro, N. J. 
RassBAcH, H. P., (M-3), engineer research department, The Midvale Co.; matl 
218 Apsley St., Germantown, Philadelphia. 
Raynor, H. L., (S-2), Boston Branch Manager, Crucible Steel Company of 
\merica, 381 Congress St., Boston. 
REARDON, C. E., (J-2), student, Lewis Institute; mail 4305 Homer Lee Ave., 
Kast Chicago, Ind. 


KeBERT, C. F., (M-1), general foreman, Tool Supply, Westinghouse Electric and 
Manufacturing Co.; mail, 1128-8th Ave., Moores, Pa. 

NEINHARD, W. O., (M-2), foreman, Standard Pressed Steel Co., Jenkintown, 
Pa. 

REUTER, THOMAS, (M-2), hardener of tools, Westinghouse Electric and Manu- 

.. Newark, N. J. 

NHEINSTADTER, OSWELL, (M-1), general foreman, Philadelphia Electric Co.; 
mail, Beach and Palmer, Philadelphia. 

hOBERTS, EK. D., (A-2), salesman, Columbia Tool Steel Co.; mail, 10403 Euclid 
\ve., Suite 512, Cleveland. 

NOGERS, HARRY, (M-1), assistant metallurgist, E. C. Atkins and Co., Indian 


apolis. 


facturing Co.; mail, 862 Bergen St 


Noma, O, E., (M-2), research associate, American Sheet and Tin Plate Co.; 
mail, 210 Semple St., Oakland, Pittsburgh. 
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tT, W. A., (A-3), salesman, Crucible Steel Company of 
435514 No. Ashland Ave., Chicago. 
SANFORD, C, 


1111 E. Rittenhouse St., Philadelphia. 


Sts., Philadelphia. 


Smiru, F. C., (M-3), metallurgist, Fort 


Harvester Co., Ft. Wayne, Ind. 


Hartford, Conn, 


Kempton Ave., Cleveland. 


, 


. 8. 


SIMON, KAREL, (Sb-1), Pribram, Czechoslovakia. 
Sinnock, J. R., (M-1), engraver, U 


G., (A-2), salesman, Columbia Tool Steel Co.; 


A, 








m Mm Be 









I’., (M-2), assistant foreman, Underwood Typewrite: 


Ame} lt 


G., (A-2), salesman, Houghton & Richards, Ine.; mai 
Greenwood, Mass. 

ScuwaB, CHARLES M., (Honorary Member), Bethlehem Steel Corp., 

way, New York City. 

SERGESON, ROBERT, (M-3), metallurgist, The Central Steel Co., Massillon, Ohj, 

SEWARD, HERBERT, (A-1), sales department, EK. F. Houghton and ( 


vale Co.; mail, 1631 W. Ontario St., Philadelphia. 


mail 1980 East Grand Blvd., Detroit. 
R. Sullivan, Stockton, Calif. 


Stockton, Calif. 


FrrRE Brick Co., 


(8-2), V. 
(8-2), president, Stockton Fire Brick Co.; mail, Box 


1515-10th St., Apt. 3, Sacramento, Calif. 


42nd St., New York City. 


Ann Arbor, Mich. 


mail, 433 Pierce St., Gary, Ind. 


Ind. 


St., Philadelphia. 


1251-64th St., Oakland, Calif. 


ol; 


TRAVIS, CHARLES, (M-1), Tacony Steel Co., Philadelphia. 
Tsal, T. M., (J-2), student, Purdue University; mail Box 45, W. Latayett 


27, Leningrad, Union Soc 


Mint; mail, 17th and Spring Ga 


mai, 


N., (M-2), metallographist, General Motors Research ( 


E., (A-2), salesman, Crucible Steel Company of America; 


» * 


Vepper, A. 8., (A-3), salesman, Brace-Mueller-Huntley, Ine.; mail 502 
Bldg., Syracuse, N. Y. 


/ 


rt 
( 





Wayne Truck Works, Internations 


Smiru, J. M., (A-2), salesman, Colonial Steel Co., 102 Eastwood Place, Buffa) 
SMITHSON, E. R., (M-2), tool maker, Underwood Typewriter Co., 761 Park st 


Spring, E. K., (M-2), assistant superintendent, Research Department, Mid 


ol4 


VANADIUM ALLOYS STEEL Co., (S-10), W. R. Mau, district manager, Chicag 
VAKRAMEEFF, O. L., (M-1), Klinsky Prospect 27; 
ist Soviet Republics. 

VALLADAO, CARL, (8-2), heat treat foreman, Hall Scott Motor Car ( 


Tayior, M. F., (A-2), salesman, Crucible Steel Company of America; 17 Past 
» P., (J-3), student, University of Michigan; mail 1214 Willard St., 


TiTzEL, W. W., (M-2), metallurgist and laboratory foreman, Illinois Steel © 


URHMANN, JuLiIus, (M-1), foreman, Berger Bros. Co.; mail, 1864 E. Schiller 


Keit! 


Buffa 


ark St 


NEW MEMBERS G81 


(A-2), Detroit representative, Leeds & Northrup Co., 1500 Real 
ite Exchange Bldg., Detroit. 
pera, R. G., (M-1), International Nickel Co., Bayonne, N. J. 
B. R., (J-3), student, Michigan State College; mail Lock Box 704, 
Kast Lansing, Mich. 
WASHBURN WIRE Co., (S-12), Phillipsdale, R. 1. 
Wenuines, Augustus, (J-2), student, Massachusetts Institute of Technology ; 
mail 21 St. Andrew Rd., East ‘Boston, Mass. 
Wire, H. C., (J-2), student, Ohio State University, 65-13th Ave., Columbus, 
Oho. 
WHITINSVILLE SPINNING Ringe Co., (8-3) 
Mass. 


, S&S. IF. Brown, agent, Whitinsville, 


WuirrLies, W. C., (M-2), pattern maker, Columbia Steel Corp., 367 1 
St., Pittsburgh. 


%. Seventh 


Wincox, Ray, (M-1), foreman, heat treating, Oster Manufacturing Co. 
2057 Bast 61 St., Cleveland. 


- marl, 


Winns, W. M., (M-2), machinist, Merchant Caleulating Machine Co 
1072-55th St., Oakland, Calif. 


.; mail, 
WourRMAN, ©. R. E., (J-2), student, Harvard Engineering School; 
Howland St., Cambridge, Mass. 


mail 15 


Wourers, BE. H., (A-3), salesman, Columbia Tool Steel Co., mail 12040 8. State 
St., Chicago. 

Woop Iron & STEEL Co., ALAN, (8-3), Ledyard Heckscher, president, LSOS 

Widener Bldg., Philadelphia. 

Wrient, H. M., (M-3), metallurgist, Michigan Malleable Iron Co., Detroit. 

Youna, I. C., (M-2), assistant metallurgist, Ford Motor C 
Iroquois Ave., Detroit. 

Yarorsky, M. F., (M-3), metallurgist, Cambria Plant-V Bethlehem Steel Co.; 


’ 
mail 716 Somerset Ave., Johnstown, Pa. 
Yount, W, 


0o.; mail, 3881 


H., (M-2), vice-president and chief engineer, Tractors Parts Corp. 
o29 N, Union St., Stockton, Calif, 


3 


5 


ERKEL, J. A., (J-2), student, Lewis Institute; mail 5336 Wentworth Ave.. 


hing 
Cnmicago, 
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Items of Interest 







HE Driver-Harris Company, of Harrison, N. J., announces the appointmey: 


of J. C. Bilek as Chicago District manager. Mr. Bilek has been wi 


the Driver-Harris Company the last sixteen years and the many frie, 


which he has made while handling the New York Territory will be pleas 
to hear of his new appointment. H. D. Tietz, who has been with th. 


Driver-Harris Company since his return from the World War will be ass 
ciated with Mr. Bilek as assistant district manager in Chicago. 


Electro Metallurgical Sales Corporation, 30 East 42nd Street, New Yo 
City, has recently prepared a second edition of their booklet entitled ‘‘ Elect; 
met Brand Ferro-Alloys and Metals.’’ This revised edition furnishes a 
tailed description of new alloys and improvements that have been mad 
products to meet the more exacting specifications expected of iron and ste 
manufacturers. It has been prepared with the view of placing in the hands 
of consumers a ready reference with full particulars concerning the us 
composition, and sizes of various ferro alloys manufactured by them. 


sea Ngee Ae 


Courses in engineering subjects, it is announced, are receiving a larg 
share of attention in the plans for the Summer Session this year at th 
Carnegie Institute of Technology. The summer work, according to tli 
plans, is being outlined to cover both theoretical class room instructi 
and shop practice, to appeal not only to undergraduates, but also to thos 
engaged in engineering work who feel a need for more technical training 
in their respective fields. Courses of six and eight weeks will be give! 
beginning June 14. 














The College of Engineering, according to the announcement, will gi 
summer courses in chemistry, physics, mechanics, surveying, and coa 
mining. Courses are scheduled in plumbing, welding, sheet metal wor! 
machine practice, woodworking and cabinetmaking, electric wiring, 2! 
radio communication. Other departments will give work in English, his 





tory, economics, commercial law, mathematics, psychology, engineering 
} drawing, and courses for teachers and supervisors in music, fine and 4] 


plied art, manual and industrial art, and architecture. 

F. H. Colladay has been appointed District Sales Manager, Braebur 
Alloy Steel Corporation, in charge of the New York District. Mr. Collada) 
has resigned as New York Manager of Sales of the Trumbull Steel Con 
: Ron pany. He has been affiliated with the steel industry all his life, and as 
g result, is well-known to the steel trade. He is a member of the Ame! 

i: Iron & Steel Institute, Engineers Club, Machinery Club of New York, T 
Indian Harbor Yacht Club of Greenwich, Conn. 









ITEMS OF INTEREST 


New York District Sales Offices of the Braeburn Alloy Steel Cor 
are located in the Grand Central Terminal Building. 


| 


he elimination of the confusion caused by thirty wire and sheet metal 
re systems now in use in this country is to be brought about as the result 
of a conference held on March 18, 1926, in the Engineering Societies Building, 
New York City, and attended by representatives of twenty-five organizations 
aterested in all phases of the subject, which includes wires, sheets and tubes 
f metals of all kinds. 
The trend of opinion at the conference strongly favored the elimination 
ill gage numbers and the use of a simple system of designating sizes in 
ecimals of an inch. The decision, however, on the exact form of the solution 
s left to the sectional committee, the scope of whose work was outlined as 
‘‘The standardization of a method of designating the diameter of 
etal and metal alloy wire, the thickness of metals and metal alloys in 
sheet, plate and strip form and wall thickness of tubing, piping and 
casing made of these materials; and the establishment of a standard-series, 
a or standard eerie, of nominal sizes and of tolerances for wires, sheets, 
el plates and strips. 


and st Excellent opportunities are afforded students who desire a period of 


wtive training in research work along mining and metallurgical lines through 

series of co-operative agreements effected between the Bureau of Mines, 
Department of Commerce, and various universities and colleges for the main 
enance of a number of research fellowships. 

For the college year 1926-1927 more than thirty fellowships in eight insti 
tutions will be awarded. The problems to be studied cover a wide range of 
scientific research, Many students who have received these fellowships in 
ast years have, as a result, obtained remunerative positions in the industrial 
field. Detailed information in regard to the terms of the different fellowships 
an be obtained by applying to the authorities in charge of the educational 
ustitutions named below. 

The School of Mines of the College of Engineering, University of 
\labama, Tuscaloosa, Ala., offers five fellowships in mining and metallurgical 
research. The fellowships are open to graduates of universities and engi- 
neering schools who have proper qualifications to undertake research investi- 
gation. The value of each fellowship is $540.00 per year of nine months 
beginning September 1. The fellowships have been established for the purpose 
of undertaking the solution of mining and metallurgical problems of special 
importance to the State of Alabama and the Southern States. 

The Department of Mining and Metallurgy, College of Engineering of 


the Carnegie Institute of Technology, Pittsburgh, Pa., offers eight fellowships 


n mining and in metallurgical research, in co-operation with the Pittsburgh 
Experiment Station of the United States Bureau of Mines and Advisory Boards 
representing these industries. Fellowships ore open to the graduates of col 


eges, universities, and technical schools who are properly qualified to under 
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take research investigations. 





Each fellowship carries a stipend of $7 
in ten installments. 

The Arizona Bureau of Mines, a subdivision of the College of Min, 
Engineering of the University of Arizona, Tucson, Ariz., offers two fell, 
in metallurgical and chemical research in co-operation with the So 
Experiment Station of the U 











. 8. Bureau of Mines. These fellowships 
to men who have obtained the equivalent of the Bachelor of Science 
from a recognized university or technical school, who have special; 
metallurgy or chemistry as undergradutes, and who are qualified to un 
research work. Each fellowship yields $660 for a pediod of eleven m 
beginning July 1. The purpose of the fellowships is to undertake the solutio 
of metallurgical problems of special importance to the Southwest. 

The Department of Mining and Metallurgical Research, 
Utah, Salt Lake City, will award several fellowships, each having an anny 
net value of $720. This Department is maintained in connection wit! 
Intermountain Experiment Station of the United States Bureau of Mines, 

The Sehool of Mines of the University of Idaho, Moscow, Ida., in ¢o 
operation with the U. 8. Bureau of Mines and the Idaho Bureau of Mines and 
Geology, offers a number of fellowships open to college graduates who hay 
had good training in mining, metallurgy or chemistry, and who are qualified 
to undertake the research work. 








University of 


( 





the 









The net income of each fellowship over and 
above all University fees and deposits is $60 a month for ten months beginning 
September Ist, 1926. The purpose of this work is to undertake the solution 
of definite problems confronting the mining and metallurgical industries ot 
the state of Idaho. 

The School of Mines and Metallurgy of the University of Missouri, Rolla, 
Mo., in co-operation with the U. 8S. Bureau of Mines and the State 
Experiment Station, offers four fellowships. These fellowships are open to 
graduates who have the equivalent of a Bachelor of Science degree and hav 
had the proper training in mining, metallurgy, or chemistry, and who are 
qualified to undertake research work. 










Mining 







The income of each fellowship is $800 
per annum for the twelve months beginning July 1, 1926. 

The purpose of this work is to undertake the solution of definite problems 
confronting the mining and metallurgical industries of the State of Missouri 
For 1926-27 the four fellowships will be granted in the following subjects: 
















Metallurgy of Zine. 
Refractories for Metallurgy of Zine. 
Physical Metallurgy (heat treatment of steel.) 


The University of Nevada, Reno, Nev., offers in the Mackay School ot! 
Mines a fellowship to graduates of American mining 
The income of the fellowship is $750 a year, payabl 






open colleges ol 
recognized standing. 


monthly. 







The holder of the fellowship will be required to carry a minimun 
number of graduate courses in the Mackay School of Mines, and, in lieu of th 
usual thesis, will be assigned to research service with the United States Bure: 
of Mines Rare and Precious Metals Station located on the campus. 


(Continued on Page 34 Adv. Sec.) 
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two issues of the Transactions. 
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POSITIONS WANTED 


PTALLURGIST AND CHEMIST desires change, 
‘teen years’ experience in automotive industry. 


at experience includes charge of both physical and 
semical laboratories, also heat treating departments. 


ation immaterial, Address 3-55. 










SUPERINTENDENT 
both acid and 


with metal- 


)PEN-HEARTH ) 
ie basic steels 


| experience in d y pa 
sos to connect with organization desiring some- 
‘that knows the specialty steel manufacture. Can 
references. Address 4-10. 










(eTALLURGIST-SUPERINTENDENT with 16 years’ 
in metallurgical work and manufacturing 








Xpe! ence 

jsires a change. Age, 41. Cornell graduate. Last 
k years with ball-bearing manufacturer. Looking for 
nosition of trust and responsibility. Address 4-15. 





POSITION WANTED with progressive firm as fore- 







man of its steel treating department by capable man 
whose experience covers both heavy work and fine 
tools and who has held executive positions for the 
1 vears. Age, 39. Married. Address 4-20. 









INSTRUMENT MAN is desirous of changing posi- 
tin. Has had & years’ practical experience in 
pyrometer and physical testing laboratories and some 
cvemical analysis. Also experienced in the use and 
r of hardness testing machines, pressure gauyes 
xygen-acetylene equipment. Prefer permanent 
psition with future. Address 4-5. 

















POSITIONS OPEN 


MECHANICAL ENGINEER. A Drop Forging Plant 
ithe Pittsburgh District desires to engage the serv- 
fa mechanical engineer or draftsman who has 
had experience in the drop forging or steel industries. 
involves plant layouts, structural work, die 
m, development of products, ete. A technically 
ed man preferred but not essential. Must be 
en 25 and 35 years of age, a hard worker and 
some experience in the above lines. Write 
Urnwer C, Coraopolis, Pa., giving full particulars, 
, experience and starting salary. 















«hnical graduate for Drop Forging Plant in the 
Pittsburgh District, Very good opening for a young 
in between 24 and 35 with a knowledge of metal- 
Must be able to read blue prints, technical 
lining is desired, and should have some experience 
tel mills or forging plants. Very good oppor- 
lor advancement for a man who is not afraid 

» wrk and is a pusher and organizer. Write 
and give full description 














\ a. -% oraopolis, Pa., 
' training, experience and salary desired. 








ENGINEER, Electrical or Mechanical, Recent grad- 
‘ate for sales engineering work in connection with 
— furnaces and temperature control equipment. 
a in full, giving age, marital state, education, 
ols attended, experience, ete. State salary ex- 
Meted and enclose photograph. Address 8-5. 























ADVERTISING 


EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. 
wish a position, your want ad will be printed at a charge of 50c each insertion in 


This service is also for employers, whether you are members of the Society or 
:. If you will notify this department of the position you have open, your ad 
vill be published at 50c per insertion in two issues of the Transactions. Fee must 


Important Notice 


In addressing answers to advertisements on these pages, a stamped envelope 
containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
jestination. It is necessary that letters should contain stamps for forwarding. 








SECTION 


If you 


POSITIONS OPEN 


WANTED: Man who has had 
cold heading tools. 
ing conditions. 
available. 


some experience on 
Up to date shop. Ideal work- 
Give experience, salary, and when 
Location—Chicago, Ill Address 4-30, 


FOR SALE 


FOR SALE: Exceptional Leeds & Northrup Furnaces. 
Guaranteed Brand New. Will sell at very great sac- 
rifice. L & N “Hump” Heat Treating Furnace— 
1 No. 8058 Furnace, inside dimensions, 8% inches 
in diameter and 22 inches deep. One No. 8551—F—S 
Recorder. L & N Drawing Furnace—1 No. 9262—24 
furnace, inside dimensions, 12 inches in diameter and 
24 inches deep. One No. 8970 Control Panel. One 
No. 8571—-D—-D—39 Controller. These furnaces were 
intended to through-harden automobile crankshafts 
made of ball-bearing steel which have been elimi- 
nated in the design and which has made the fur- 
naces unnecessary. They were used only in a test, 
for a few hours, Address 3-40. 


BAUSCH AND LOMB microscope and accessories, 
also camera and stand for taking microscopic prints. 
Excellent condition and ideal for a student. Will 
sell at a sacrifice. Address 3-45. 


1—Brinell Machine 12%” capacity for specimens. 
Price right. Address 3-10. 

Leeds & Northrup Hump, furnaces with ammeters, 
controls and recording instruments equal to new; 


some never used. Price you must buy. Address 
3-15. 


1—Gleason gear hardening machine can be bought 
right. Address 3-20. 


1—Eaton Electric furnace—8” x 18” x 36” tempera- 
ture range 800 degrees Fahr., control, etc., included, 
will sell at a bargain. Address 3-25. 


12—Leeds & Northrup Recording Instruments, single 
point in A-1 condition priced for quick sale. Address 
3-30. 


FOR SALE 
1—Leeds & Northrup Potentiometer 
1—Leeds & Northrup Optical Pyrometer 
1—Scleroscope 
1—Bausch & Lomb Photomicrographic Outfit 
1—Bacteriological Microscope 
Hess Steel Piant, Baltimore, Md. 


WANTED 


WANTED—Used Shore Scleroscope in 


good con-. 
dition. Price must be right. 


Address 4-25. 


1—Fifty to One Hundred Thousand, Reahle or Olson 
Tensile Testing machine which must be in first class 
condition and the price right. Address 3-35. 


SCLEROSCOPE WANTED, dial type. 


State price 
and length of time in use. Address 8-50. 
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Roessler 


York, has issued 


and warehouse at 


Saws 


examination 


and 


Detroit. 


‘Tacony factory. 


and circular si 





of applications. 


is 


to 


quiring similar qualifications. 


of applications 


U, 


house in any city. 


tool steels, and special alloy steels 
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TRANSACTIONS OF 


THE 





Hasslacher Chemical Company, 709 Sixth 


S. S, 


T. 


factured by them and the manufacturers they represent. 


Henry Disston & Sons, Inec., announce the opening of a new ser 


a bulletin containing a price list of the chemi 


Complete stock will be carried of Disston electro-crucible high spe 


all made in the Disston steel work 


for 


wood and 


machine knives will also be stocked in the new 


Service 


Branch, 


metal, hack saws. 





footing in the Detroit territory on account of its unusual performance 


The COMpat 
that the new Disston sectional interlocked metal-cutting saw is winni: 


The United States Civil Commission announees the fo! 
open competitive examination for the positions of Assistant Scienti| 
$1,500; Junior Seientifie Aid, $1,320; and Junior Chemist, $1,860 


Receipt of applications for assistant scientific aid and junior scie 
nid will close May 1, 1926. 


The date for assembling of competitors y 


fill 


A 


for junior metallurgist 


vaca 


vae 


ition 


This office will be in charge of L. 8. 


(Continued on Page 


neies in 


ancy 


blanks 


years of contact with the oil drilling industry. 


val 
ob 





how 


the 


exists in the 


junior scientific aid in the Bureau of Chemistry, Department of 
for duty at San Juan, Porto Rico. 


close 


will 


may be obtaine: 


The services of 


Adv. S¢ ce.) 


be stated on the admission cards sent applicants after the close . 


Departmental 
Washington, D. C., including the Bureau of Standards, and in positions r 


Tt 


Ne) 


Ct 


r\ 


position 


Ao 


| 


ey 


The commission announces another open competitive examination 
the position of Junior Metallurgist. 


April 17 


Lt 


Kirst 


Mr 


S. civil service examiners at the post office or « 


Steel Company’s extensive mills, are ever at the command of Soutlwwes 


The date for assembling of competitors will be stated on the ad: 
sion cards sent applicants after the close of receipt of applications. 
Full information and applic; 


m 


United States Civil Service Commission, Washington, D. C., or the secretary 
the board of 


is reported by the Central Steel Company that, owing to the eve 
increasing demand for Agathon Alloy Steels, and to render better serv 
throughout the oil fields of the Southwest, the Central Steel Company 

Massillon, Ohio, has opened a district sales office at 404 West 
Tulsa, Oklahoma, 


street 


Allen, who has not only gained 
hand knowledge of steels through his connections with Eastern ™ 
but also knows the steel requirements of the oil fields as a result of his ma 


Aller 


backed by a large staff of expert metallurgists and the facilities of the Centra 


ter! 




















L 


ADVERTISING SECTION 


To Polish Metallographic Specimens 


__so that scratches do not re-appear upon etching 


—— ») —— 
oo roxnn ore Poisnin® | 


ALUMINA 


° "Wem 5 venTiit @ 
7 
Ss Tseueen a 


FISHER LEVIGATED ALUMINA 


For Metallographic Polishing 


this alumina is carefully levigated. The levigated product is again 


graded into Grades No. 1, No. 2, and No. 3, and then chemically 


treated and prepared to make a product which has the proper 
degree of suspension, adhesion, and hardness. The polishing 
solutions made from the following grades of alumina are readily 
applied to the felt by means of a laboratory wash bottle, or a 
bottle with one-hole stopper and a glass tip. 


this alumina is now recognized by the leading metallographists as 
the most satisfactory material for polishing metal surfaces for 
microscopical examination and photography, and is recommended 
in the newer text books on this subject. It produces a highly 
polished surface free from scratches, and does so without encasing 
the scratches. Polished surfaces, produced by materials which 
enease scratches, show such scratches after being etched. 


Grade No. 1—for Hard Metals - - - - $1.00 per oz. (makes 50 ozs. solution) 
Grade No. 2—for Medium Hard Metals - - 1.40 per oz. (makes 100 ozs. solution) 


Grade No. 3—-for Soft Metals - - - - 1.80 per oz. (makes 150 ozs. solution) 


Fisher Polishing Alumina is only one of the many items in our 
new catalogue which facilitates the work in Metallurgical 
Laboratories. This catalogue will be sent without charge 
to Metallurgical Laboratories 


FisHER Screnriric Company 


LABORATORY SUPPLIES 


PITTSBURGH, PA.U.S.A. 
( Formerly Scientific Materials Company ) 


When writing to Fisher Scientific Company please mention TRANSACTIONS 











TRANSACTIONS OF THE A. 8. 8. T. 








‘*The New Republic Motor Driven CO, Recorder’’ is the title , 
issued by the Republic Flow Meters Company, 2240 Diversey Park, 
cago, which illustrates the latest development in the field of fu 
It is motor driven and simply constructed. 











The operating expens 





Hardite Metals, Ine., wish to announce that at the annual 


er incr 
hil ( 
> 


the stockholders a new board of directors was elected, and John A, Delyos 








formerly vice-president and sales manager, was elected president and ge, 
eral manager by the new board of directors. Under the new managempe, 
a number of changes will be made in the plant and enlargements wil] }, 
effected in the sales department to cover territories which have been }, 


lected in the past. 


John Jacob Bausch, founder and head of the world-famous Bauseh ay 
Lomb Optical Company, of Rochester, N. Y., died on February 14, 1926, 4 
the age of ninety-five. 
















Coming to this country from Germany when he was nineteen years 
old with a large capital of courage, enthusiasm and determination to sy 
ceed, he triumphed over all adversities which beset him and _ throug! 
perseverance, industry and honesty rose to the top. 

About the year 1863, Mr. Bausch conceived the idea of using hard 
rubber in the making of eyeglass frames. This immediately met with su 
cess and business expanded rapidly. 

Always interested in the civic welfare of Rochester, Mr. Bausch took 
an active part in many of its community affairs. He was for many years 
president of the Mechanics Savings Bank of that city and was also head 
of the Rochester General Hospital and was honorary president of both 
stitutions at the time of his death. 














The Colonial Steel Company announce the appointment of Mr. Mark 
L. C. Wilde as manager of their Philadelphia branch, located at 308 North 
15th Street. 








That another extensive program of mining and metallurgical resear 
planned at the Carnegie Institute of Technology in cooperation with the U.> 
Bureau of Mines is indicated in the announcement that eight research fellow 
ships will be available in connection with the program for next year. 

According to the announcement, the fellowships are open to the graduates 
of colleges, universities, and technical schools who are properly qualified 
undertake research investigations, and will be awarded for a ten months’ 
period beginning August 16, 1926. 

Most of the research work will be conducted in the laboratories of th 
Pittsburgh Station of the U. S. Bureau of Mines, adjacent to the campus 
The subjects for investigation, as in the past, will be selected by two 







visory boards composed of metallurgists, mining engineers, chemists, a 
coal operators. At the end of the period of study, the results of the investig’ 
tions, it is announced, will be published jointly by the Carnegie Institute 0! 
Technology, the Bureau of Mines, and the Advisory Boards. 
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When writing to Simonds Steel Mills please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T., April 

Among the subjects suggested for study in the announcem 
following listed under ‘‘Mining and Utilization of Fuels’’: 

1. Origin and Constitution of Coal: the determination and 
of coking constituents of coal; comparison of methods of dete: 
oil and tar yields of coal; the composition of low temperature tar. 

2. Coal Mining: study of friction losses in mine cars; determ 
cost and efficiency of storage battery locomotive haulage in comp 
trolley locomotive haulage; study of efficiency and suitability of mechaniea) 
devices in coal mining; study of methods in blasting coal; study of methods 
for detecting loose roofs in coal mines; study of efficiency of gunite and 
other protective coverings for the prevention of roof distintegration, 


*» 


3. Utilization of Coal: correlation of fusing temperature of ¢oa] 


are the 


separation 


ining the 


ne 


ination of 
a rison with 


ash 


with clinker formation in furnaces; study of reactivity of various cokes jy 
air, carbon dioxide and steam; study of physical properties of coke in rela. 
tion to domestic heating; drop of pressure in fluids flowing through aggre. 


gates; determination of the temperature-solubility relationship between gago- 
) g 


line and methanol and the influence of mutual soivents; a study of catalysts 
for the production of methanol from water gas and hydrogen; effect of 
gaseous atmosphere on yields and composition of gas, tar and coke in the low 
temperature carbonization of coal. 

4. Mine safety: study of methods of determining the degree of dustiness 
of mine air; study of relation of fineness of particles to inflammability of coal 
dust; survey of relative tendency of various coals to fire spontaneously; study 
of effect of fineness and nature of materials on its efficiency for rock dust- 
ing coal mines; study of effect of pressure and temperature on products of 
combustion of mining explosives; determination of the freezing point curves 
of nitroglycerin and the depressants proposed for use in low freezing 
dynamites; study of inflammability of methane end air mixtures. 

Under ‘‘ Ferrous Metallurgy,’’ subjects suggested for study are the fol- 
lowing: 1. Physical Chemistry of Steel Making: study of abnormality of 
ease carburized steels; nature and estimation of non-metallic inclusions in 
steel; determination of solubility of iron oxide in iron. 

2. Production of Special Steels and Alloys: Metals for mill balls; 
metals for recuperators; recovery of alloy steel scrap; a study of the cause 
of differences in the physical characteristics of electric furnace and cupola 
gray iron; corrosion resisting alloys for mine water or oil well waters. 

3. Metallurgical Refractories: effect of open hearth dusts on refrac: 
tories; effect of insulation on the life of open hearth refractories; effect of 
service conditions on physical properties of open hearth refractories; require 
ments of electric furnace refractories. 

Each fellowship carries a stipend of $750. Holders will be registered 
as graduate students and as candidates for the degree of Master of Science, 
unless an equivalent degree has previously been carned. Applications should 
be made to the Secretary, Mining and Metallurgical Advisory Boards, Carnegie 
Institute of Technology, Pittsburgh, Pa. 





t 


ion of 
son with 
mee] anical 
methods 


t 


lite and 


h agore. 


y 
~~ ie pm 


ween Jaso- 
C Catalysts 
effect ol 


in ti 


; +5 
UUSLINESS 


Ity of coal 
isly ; study 
rock dust- 
roducts of 
‘int curves 


freezing 


re the fol- 
rmality of 


lusions in 


nd eupola 


on refrac- 
effect of 


ry quire- 


re gistered 
I Seience, 


ymns should 


Carnegi¢ 





